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ABSTRACT 


The  purpose  of  this  study  was  to  explore  the  role 
of  transformations  in  the  child's  conservation  of  length. 
In  addition,  the  study  employed  a  non-verbal  method  of 
defining  length  to  the  children  under  the  hypothesis  that 
such  a  technique  would  lower  the  age  at  which  the  child 
could  give  evidence  of  having  acquired  conservation. 

In  order  to  investigate  the  hypotheses,  a  test  of 
conservation  of  length  containing  transformations  clas¬ 
sified  in  various  ways  was  constructed  and  administered 
individually  during  June  1 966  to  a  randomly  selected 
sample  of  sixty-two  kindergarten  and  grade  one  children 
attending  schools  at  the  Griesbach  Army  Base  in  Edmonton, 
Alberta . 

The  data  thus  collected  were  analyzed.  First  a 
general  description  of  the  children's  performance  on  the 
test  was  given  in  the  form  of  a  difficulty  and  correla¬ 
tional  analysis  which  included  the  variables  of  age,  sex, 
and  IQ.  Secondly  a  factor  analysis  using  a  principle  axis 
factoring  programmed  for  the  IBM  70^-0  was  done  in  order  to 
ascertain  whether  the  basic  dimensions  underlying  conser¬ 
vation  could  be  interpreted  in  terms  of  variables  relating 
to  transformations  or  variables  relating  to  the  states 
transformed.  Finally  an  age  profile  was  drawn  up  and  the 


iv 


- 


' 


threshold  age  at  which  fifty  per  cent  of  the  pupils  of 
that  age  gave  conservation  responses  determined. 

The  major  finding  of  the  study  was  that  conserva¬ 
tion  of  length  cannot  be  solely  explained  in  terms  of  the 
transformations  applied  to  the  objects  exhibiting  length. 
Neither  could  the  factors  extracted  be  defined  solely  in 
terms  of  the  state  properties  of  the  objects  to  which  the 
transformations  were  applied.  Both  state  and  transformation 
properties  had  to  be  used  to  interpret  the  five  factors 
extracted  out  of  the  test  performance.  The  major  trans¬ 
formation  variable  which  emerged  from  the  factor  interpre¬ 
tation  was  the  division  of  the  transformations  into  two 
classes:  (l)  those  that  conserved  length,  and  (2)  those 
that  changed  length.  The  major  state  variables  were 
(l)  illusions,  (2)  multiple  and  single  segmented  lengths, 
and  (3)  the  relation  "less  than",  or  "equal  to"  or  "greater 
than"  between  the  object  exhibiting  length  and  the 
measuring  device  (calipers  in  this  study). 

The  threshold  age  interval  in  which  fifty  per  cent 
of  the  subjects  contained  in  that  age  interval  gave  conser¬ 
vation  responses  was  placed  between  five  and  six. 

The  study  concluded  with  some  implications  for 
education,  some  suggestions  for  further  research,  and  a 
Piagetian- type  inference  that  a  child's  acquisition  of 
conservation  is  not  solely  dependent  on  an  understanding 
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of  transformations,  nor  solely  on  an  understanding  of 
states,  but  on  the  concomitant  understanding  of  both 
states  and  transformations  so  that  they  can  be  at  first 
distinguished  and  then  coordinated  into  a  reversible 
system  of  states  and  transformations  leading  from  one 
state  to  another. 
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CHAPTER  I 


THE  PROBLEM 

I.  INTRODUCTION  TO  THE  PROBLEM 

This  thesis  is  concerned  with  the  problem  of  the 
child's  acquisition  of  conservation.  Piaget  and  his 
Geneva  collaborators  have  conclusively  and  extensively 
shown  that  young  children  do  not  recognize  that  the  magni¬ 
tude  of  an  attribute  of  an  object  stays  the  same  under 
rearrangements  of  shape  or  position.  For  example,  a 
child  may  think  that  the  number  of  chips  in  a  row  increases 
if  the  length  of  the  row  is  increased,  or  he  may  think 
that  a  wooden  stick  is  longer  when  it  is  rotated  through 
ninety  degrees.  The  literature  on  conservation  is  well 
reviewed  by  Flavell  (1963)  and  by  Wallach  (1963). 

By  the  age  of  about  7  or  8  the  conservation  of 
most  of  the  basic  physical  properties  is  acquired.  How 
is  this  conservation  acquired?  Clearly  some  form  of 
experience  is  necessary,  but  the  difficulty  lies  in 
specifying  what  this  experience  is.  The  supposition  that 
conservation  would  most  likely  be  learned  by  direct 
empirical  observation  of  phenomena,  or  by  social  rein¬ 
forcement  has  been  shown  to  be  dubious  (Smedslund,  196la, 


196lb,  196lc;  Wohlwill  and  Lowe,  1962;  Beilin,  1965, 
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Beilin  et  al. ,  1966),  Likewise  training  designed  to 

clearly  show  the  irrelevancy  of  perceptual  cues  has  met 
with  little  success  (Smedslund,  196ld,  Wohlwil.1  and  Lowe, 
1962) ,  and  neither  has  training  on  additive  and  subtrac¬ 
tive  transformations  (Wohlwi.il  and  Lowe,  1962).  Smedslund 
has  lent  some  status  to  a  ' cognitive  dissonance'  method 
of  inducing  conservation,  but  the  success  of  the  method 
was  very  limited.  Beilin  (1965)  and  Beilin  et  al. ,  (1966) 

have  experienced  some  success  with  a  highly  verbal  method 
he  calls  "Verbal  Rule  Instruction"  ( 1 9 6 3 »  p.  326)  but  the 
superficiality  of  the  cognitive  reorganization  was  revealed 
by  very  low  transfer  of  training.  The  only  method  which 
has  met  with  success  is  the  'reversibility'  method  of 
Wallach  and  Sprott  (1964)  of  inducing  number  conservation. 
The  training  given  by  Wallach  and  Sprott  concentrated  on 
one  process:  whenever  the  one-to-one  correspondence 
between  two  sets  of  objects  is  destroyed  by  a  spatial 
transformation,  there  is  always  another  spatial  trans¬ 
formation  (the  inverse  transformation)  which  will 
re-establish  the  one-to-one  relationship.  The  success 
of  the  training  of  the  subjects  in  re-establishing  the 
one-to-one  correspondence  led  Wallach  and  Sprott  to 
advance  the  claim  that: 

a  property  is  regarded  as  conserved  under  an  operation 
removing  a  defining  attribute,  when  it  is  expected  that 
the  inverse  operation  will  lead  to  the  attribute's 
reappearance  at  the  same  value  .  .  .  Experiences  with 

reversibility  .  .  .  thus  may  be  what  leads  to  the 
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development  of  number  conservation,  not  only  in  the 
present  experiment,  but  in  normal  life  (p.  IO69). 

Thus  reversibility,  which,  if  operational  in  the 
child's  mind,  means  that  the  child  knows  that  every  spatial 
transformation  necessarily  implies  its  own  inverse,  appears 
to  be  the  most  crucial  variable  thus  far  specified  by 
research . 

In  this  study  the  development  of  conservation  was 
further  investigated  by  looking  at  the  elements  of  reversi¬ 
bility.  A  minimum  requirement  for  reversibility  would  be 
that  the  child  understand  that  every  transformation  which 
preserves  the  property  necessarily  possesses  an  inverse. 
Thus  it  seems  likely  that  the  better  the  child  under¬ 
stands  transformations,  the  more  likely  he  will  be  a 
conserver  of  the  properties  remaining  invariant  under 
the  transformation.  The  possibility  of  using  a  suitable 
classification  of  transformations  as  a  new  dimension  along 
which  to  gauge  conservation  was  explored  in  this  study. 


II.  THEORETICAL  FRAMEWORK  FOR  CONSERVATION 


According  to  the  Swiss  psychologist  Jean  Piaget: 
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emphasis  on  the  static  quality  of  the  states.  It 
is  because  of  this,  for  example,  that  in  the  conser¬ 
vation  experiments  he  simply  compares  the  initial 
state  and  the  final  state  without  being  concerned 
with  the  transformation  (1964,  p.  20). 

It  is  evident  that  Piaget  considers  the  child’s 
understanding  of  the  transformation  between  states  to 
be  the  important  variable  differentiating  conservers 
from  non-conservers . 

This  same  theoretical  idea  of  distinguishing,  in 
reality,  states  and  transformations  from  one  state  into 
another,  is  stated  also  by  Langer  (l953>  p.  22)  who  uses 
this  framework  in  her  book  on  logic  to  describe  the 
difference  between  our  knowledge  of  something  and  our 
knowledge  about  something.  The  former  is  a  direct  sensuous 
knowledge  of  things,  the  kind  of  knowledge  a  baby  has  of 
the  crib,  of  the  blankets,  or  of  its  mother's  breast. 
However,  the  baby  does  not  know  about  his  mother's  breast. 
He  does  not  know  about  the  effects  of  lactation,  he  does 
not  know  how  they  react  to  him,  he  does  not  know  how  they 
produce  milk,  he  does  not  know  how  different  cultures 
view  them,  and  so  forth.  In  other  words,  to  have  know¬ 
ledge  about  an  object  (or  a  state)  we  must  have  more  than 
just  direct  sensuous  contact  with  it.  A  young  school  boy 
learning  linear  measurement  by  rote  may  have  knowledge  o f 
measurement  since  he  has  had  direct  sensuous  contact  with 
rulers  and  other  measuring  apparatus,  but  he  may  have  no 


knowledge  about  measurement,  and  indeed  he  may  not  even 


»«  r.  , 


5 


conserve  length  (Lovell  et  al. ,  1962).  To  have  knowledge 

about  linear  measurement  is  indeed  to  go  far  beyond  the 
mere  application  of  a  measuring  stick.  Knowledge  about 
linear  measurement  (knowing,  for  example,  that  length  is 
additive)  gives  meaning  to  knowledge  of  linear  measurement. 
This  is  another  way  of  saying  that  operational  thought 
adds  rationality  to  pre-operat ional  thought.  The  under¬ 
standing  of  the  transformations  which  relate  one  state  to 
another  turns  knowledge  of  each  state  into  knowledge  about 
the  states.  Operational  thought  emerges  when  a  sufficient 
understanding  of  transformations  enables  the  child  to 
integrate  these  states  into  a  reversible  system  of  states, 
this  systematization  emerging  out  of  a  set  of  transformations, 
each  set  of  transformations  inducing  the  inference  of 
invariants  or  properties  which  characterize  the  states 
being  systematized,  and  hence  gives  rise  to  conservation. 

For  example,  when  a  sufficient  understanding  of 
euclidean  transformations  enables  the  child  to  systema¬ 
tize  space  into  a  frame  of  reference  or  container  for 
physical  movement,  then  each  location  of  a  solid  body 
is  reversibly  related  with  any  other  location  assumable 
by  that  body  and  the  set  of  euclidean  transformations, 
therefore,  defines  certain  invariants  such  as  length 
which  emerge  as  properties  characterizing  the  objects 
and  thus  gives  rise  to  conservation  of  the  properties. 

Likewise  when  a  sufficient  knowledge  of  topological 
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transformations  enables  the  child  to  conceive  of  each 
state  of  a  piece  of  plasticene  as  being  merely  different 
forms  of  the  same  basic  substance,  each  form  being  trans¬ 
formable  into  any  other  such  form,  then  the  inducement  of 
the  inference  that  some  basic  underlying  thing  is  remaining 
invariant  under  all  such  transformations  sets  the  basis 
for  the  emergence  of  the  conservation  of  substance,  weight, 
and  other  more  sophisticated  properties  remaining  invariant. 
It  appears  reasonable,  then,  that  an  understanding  of 
transformations  is  a  crucial  ingredient  to  all  rational 
and  economical  conceptions  of  physical  reality.  Conse¬ 
quently  the  basic  contention  of  this  thesis  is  that  any 
investigation  into  the  child's  acquisition  of  the  conser¬ 
vation  of  any  property  should  take  serious  cognizance 
of  the  child's  understanding  of  the  transformations 
contributing  to  an  operational  definition  of  the  property 
whose  conservation  is  being  tested  for. 

III.  PURPOSE  OF  THE  STUDY 

It  was  the  purpose  of  this  study  to  explore  the 
possibility  that  a  logical  classification  of  transfor¬ 
mations  can  help  to  define  a  new  dimension  along  which 
the  child's  conservation  of  length  can  be  gauged.  More 
specifically,  an  attempt  was  made  to  ascertain  whether 
the  basic  dimensions  present  in  a  test  of  the  conserva¬ 
tion  of  length  were  dimensions  which  were  defined  in 
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terms  of  transformations  relating  the  states,  or  in  terms 
of  the  condition  of  the  states  themselves.  Rawson  (1965) 
suggested  that  new  ways  of  getting  at  conservation  were 
needed  and  cited  Smedslund's  classification  of  materials 
into  discrete  and  continuous  quantities  as  a  significant 
departure.  What  has  not  been  done  is  to  classify  the 
action  instead  of  the  material  to  which  the  action  is 
applied.  The  study  explored  this  possibility. 

A  secondary  purpose  of  this  study  was  to  ascertain 
whether  an  essentially  non-verbal  technique  of  communi¬ 
cating  the  response  criteria  to  the  child  would  lower  the 
age  at  which  children  would  give  evidence  of  having 
acquired  the  conservation  of  length. 

IV.  SIGNIFICANCE  OF  THE  STUDY 

The  teaching  of  measurement  commonly  begins  in  the 
first  year  of  school.  The  child's  first  attempts  at 
measurement  are  generally  restricted  to  linear  measure¬ 
ment.  It  is  important  that  any  concepts  which  are  logically 
prerequisite  to  measurement  be  taught  prior  to  formal 
instruction  in  measurement.  One  such  prerequisite  is  the 
conservation  of  length  (Piaget  et  al. ,  i960;  Smedslund, 

1963b;  Braine ,  1964).  If  a  child  is  to  understand  the 

process  of  measurement,  he  must  understand  that  the  appli¬ 
cation  of  a  spatial  (euclidean)  transformation  to  a  rigid 
body  does  not  change  the  length  exhibited  by  the  body. 
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Especially  he  must  understand  that  a  change  in  position 
of  a  solid  body  does  not  affect  its  length.  In  addition 
he  must  realize  that  length  is  additive,  and  therefore, 
that  the  whole  is  conserved  if  the  parts  are  conserved. 

It  is  important,  therefore,  that  any  non-conserver 
of  length  be  induced  toward  conservation  before  any  formal 
instruction  is  given  involving  the  process  of  measuring 
lengths.  Since  the  inducement  of  conservation  is  proving 
to  be  a  very  difficult  task  (Smedslund,  196la-f;  Wohlwill 
and  Lowe,  1962;  Beilin,  1965)?  this  study  explored  the 
relations  of  transformations  to  conservation  on  the 
hypothesis  that  a  transformational  approach  to  conservation 
would  shed  new  light  on  how  conservation  is  acquired,  and 
perhaps  indicate  new  ways  to  induce  conservation. 

V.  THE  HYPOTHESES 

1 .  Does  the  classification  of  transformations 
impinging  on  the  linear  span  of  an  object  define  the 
primary  dimension  descriptive  of  the  child's  acquisition 
of  the  conservation  of  length? 

2.  Does  the  use  of  calipers  to  communicate  the 
response  criteria  to  the  child,  and  the  use  of  a  response 
apparatus  enabling  the  child  to  give  non-verbal  replies 
lower  the  age  at  which  the  child  can  give  evidence  of 
his  conservation  of  length? 


■?' 


9 


Operationally  speaking,  these  hypotheses  were 
translated  as  follows: 

1 .  When  a  factor  analysis  is  performed  on  the 
conservation  test  used  in  this  study,  the  factors  will 
be  defined  in  terms  of  transformations. 

2.  The  threshold  age  at  which  fifty  per  cent  of 
the  subjects  of  that  age  conserve  length  will  be  less 
than  7  to  8. 

VI.  LIMITATIONS  OF  THE  STUDY 

In  interpreting  the  data  of  this  study,  the 
following  limitations  should  be  kept  in  mind. 

1 .  No  exhaustive  attempt  was  made  to  classify  the 
transformations.  Perhaps  a  different  classification 
would  have  produced  different  results. 

2.  No  exhaustive  attempt  was  made  to  study  variables 
other  than  transformations  and  age. 

3.  No  exhaustive  attempt  was  made  to  interpret  the 
factors  not  defined  by  transformational  variables. 

4.  It  was  assumed  that  the  important  factors 
impinging  on  the  conservation  of  length  could  be  represented 
as  orthogonal  components.  Otherwise  the  meaning  of  the 
factors  extracted  by  the  factor  analysis  using  the  Princi¬ 
pal  Axis  method  would  be  rather  difficult  to  determine. 

5-  The  instrument  used  to  test  conservation  was 
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designed  and  constructed  by  the  investigator.  No  effort 
was  made  to  obtain  a  measure  of  validity,  although 
reliabilities  were  calculated. 

6.  The  sample  used  in  this  study  was  assumed  to  be 
representative  of  urban  children  between  the  ages  of  5-5 
to  7-5. 

VII.  DEFINITION  OF  SPECIAL  TERMS 

Object .  An  object  is  any  thing  or  system  of  things 
exhibiting  the  attribute  of  length.  Objects  will  be 
referred  to  as  "exhibiting”  length. 

State .  A  state  is  a  particular  condition  or  con¬ 
figuration  of  an  object  exhibiting  a  particular  magnitude 
of  length. 

Transformation .  A  transformation  is  the  process 
of  changing  one  state  into  another  state.  It  is,  therefore, 
a  process  or  operation  of  associating  each  magnitude  in 
a  given  set  with  a  magnitude  in  the  same  set  or  in  another 
set. 

Conservation .  The  conservation  of  a  property 
exhibited  by  an  object  obtains  when  the  property  remains 
invariant  when  the  object  undergoes  a  transformation. 

Thus,  for  example,  the  length  of  a  wooden  rod  is  conserved 
when  the  rod  undergoes  a  rotation  of  ninety  degrees. 

Rotation .  A  rotation  is  a  transformation  involving 
the  angular  displacement  of  an  object  about  a  self-contained 
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origin.  Mathematically  speaking,  a  rotation  can  be 
conceived  of  as  the  product  of  an  even  number  of  ortho¬ 
gonal  line  reflections  having  axes  intersecting  in  a 
common  point.  For  the  purpose  of  this  study,  the  common 
point  will  always  be  contained  within  the  object  itself. 

(See  Appendix  B) 

Translation .  A  translation  is  a  transformation¬ 
involving  the  linear  displacement  of  an  object.  Mathema¬ 
tically  speaking,  a  translation  can  be  conceived  of  as 
the  product  of  an  even  number  of  orthogonal  line  reflections 
with  parallel  axes.  (See  Appendix  B) 

Non-conservation  transformation.  A  non-conserva¬ 
tion  transformation  is  any  transformation  which  changes 
the  magnitude  of  the  length  of  an  object. 

In-plane  transformation.  An  in-plane  transformation 
is  a  transformation  which  confines  the  object  to  a  given 
plane.  For  example,  a  stick  is  rotated  on  the  surface  of 
a  table.  (See  Appendix  B) 

Out-plane  transformation.  An  out-plane  transfor¬ 
mation  is  a  transformation  which  carries  the  object  out 
of  the  given  plane.  For  example,  a  stick  is  translated 
along  the  surface  of  the  table  and  is  then  lifted  onto 
a  book  lying  on  the  table.  (See  Appendix  B) 

Additive -sub tractive  transformation.  An  additive- 
subtractive  transformation  is  a  non-conservation  trans¬ 


formation  that  changes  the  magnitude  of  an  attribute  by 


adding  to  it  or  subtracting  from  it.  For  example,  a 
small  piece  of  wood  may  be  cut  off  of  a  wooden  stick 
changing  its  length  from  9  centimeters  to  8. 5  centimeters. 

Multiple  segmented  length.  A  multiple  segmented 
length  is  a  length  which  is  exhibited  by  an  object 
consisting  of  two  or  more  discrete  parts.  For  example, 
the  length  exhibited  by  three  sticks  laid  end  to  end  is 
a  multiple  segmented  length. 

Single  segmented  length.  A  single  segmented 
length  is  a  length  which  is  exhibited  by  an  object  con¬ 
sisting  of  one  continuous  whole. 

Identity  position.  Two  objects  will  be  taken  to 
be  aligned  in  identity  position  if  they  are  so  arranged 
relative  to  each  other  that  the  criterion  for  equality 
can  easily  be  applied.  When  studying  length,  two  objects 
will  be  said  to  be  in  identity  position  if  they  are  aligned 
parallel  to  each  other  in  overlapping  position  so  that 
at  least  one  pair  of  endpoints  are  coterminous. 

Response  criteria.  The  "response  criteria"  refers 
to  the  cues  upon  which  the  subject  bases  his  responses. 

The  response  criterion  in  this  study  is  whatever  property 
the  child  thinks  is  being  specified  when  he  applies  the 
calipers  to  rods. 

Transitivity .  Transitivity  refers  to  the  logical 
inference  that  if  A  is  greater  than  B  and  B  is  greater 
than  C,  then  A  is  greater  than  C.  In  general,  a  relation 
R  is  transitive  if  and  only  if  a  R  b  and  b  R  c  implies 
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that  a  R  c. 

(  a ,  b  ,  c  )  .  (a,b,c)  designates  a  set  of*  rods 

consisting  of  an  a  cm.  rod,  a  b  cm.  rod,  and  a  c  cm.  rod. 

For  example,  (4,3>2)  designates  a  set  of  rods  consisting 
of  a  4  cm.  rod,  a  3  cm.  rod,  and  a  2  cm.  rod. 

When  the  context  is  clear,  the  following  abbrevia¬ 
tions  will  be  used. 

T  =  Translations 

R  =  Rotations 

N  =  Non-conservation  transformations 

I  =  Illusion  items 

l(=)  =  Illusion  items  involving  objects  of  equal  length. 

I(?0  =  IHus  ion  items  involving  objects  of  unequal 

length . 

VIII.  THE  EXPERIMENTAL  SETTING 

The  experimental  design  is  reported  in  detail  in 
Chapter  III.  A  very  brief  glimpse  is  given  here  for  the 
purpose  of  orientation. 

The  sample  consisted  of  62  kindergarten  and  grade 
one  children  selected  from  1 96  such  children  attending 
the  Canadian  army  barracks  schools  at  Griesbach  near 
Edmonton,  Alberta.  A  test  of  conservation  of  length 
designed  by  the  investigator  was  administered  to  each  S 
on  an  individual  basis  during  the  second  and  third  weeks 
in  June  1966  with  the  help  of  an  able  assistant. 
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The  test,  consisting  of  32  items  each  scored  one 
or  zero,  took  a  little  more  than  30  minutes  per  child. 

The  data  thus  collected  were  analyzed  by  using  difficulty 
coefficients,  correlational  coefficients,  and  the  tech¬ 
nique  of  factor  analysis. 

The  testing  apparatus  consisted  of  a  three-way 
response  apparatus  which  rewarded  correct  responses  with 
candies.  Furthermore,  calipers  were  used  to  define  length. 
With  the  use  of  such  apparatus,  the  response  criteria 
could  be  communicated  to  S  by  non-verbal  means,  and  in 
addition,  S  could  give  his  responses  non-verbally .  In 
order  to  use  the  apparatus,  a  training  session  of  about 
ten  minutes  was  given  to  each  S  before  administering  the 
test. 

IX.  ORGANIZATION  OF  THE  REST  OF  THE  REPORT 

Chapter  II  contains  a  review  of  literature  relevant 
to  the  child’s  conservation  of  length.  Chapter  III  pre¬ 
sents  (l)  a  description  of  the  experimental  design,  (2)  a 
description  of  the  testing  procedures,  and  (3)  the  statis¬ 
tical  procedures  used  in  the  data  analysis.  Chapter  IY 
presents  the  results  of  the  data  analysis,  and  finally 
Chapter  V  presents  a  summary  and  discussion  of  the 
important  findings,  and  derives  some  implications  for 


education  and  for  further  research. 


CHAPTER  II 


A  REVIEW  OF  RELEVANT  RESEARCH 

I .  INTRODUCTION 

The  acquisition  of  the  conservation  of  length 
has  been  most  extensively  observed  by  Piaget,  and  is 
reported  in  Piaget  et  al. ,  (i960).  Other  investigators 

have  : 

1.  Attempted  gross  replication  of  Piaget's  experiments 

(Brace,  1963;  Dodwell,  I960;  Elkind,  1961a,  196lb,  196lc; 

Estes,  1956;  King,  1961 ;  Laurendeau  and  Pinard,  1962; 
Lovell,  1959;  Lovell  and  Ogilvie,  i960,  1 9 6 1  ;  Peel,  1 959; 

Pelletier,  1966). 

2.  Explored  the  efficacy  of  inducing  conservation  by 
various  training  methods  (Beilin  and  Franklin,  1 9 6 2 ; 

Beilin,  1965;  Beilin  et  al.  ,  1 9 6 6 ;  Churchill,  1956,  cited 

in  Lunzer,  1 9 6 0 ;  Ervin,  1 9 6 0 ;  Feigenbaum  and  Sulkin,  1964; 
Smedslund,  1961a,  1961b,  196lc,  196ld,  196le,  196lf,  1963a* 

1963b;  Wallach  and  Sprott,  1964;  Wohlwill  and  Lowe,  1962). 

3.  Attempted  to  ascertain  the  effects  of  other  vari¬ 
ables  such  as  age,  IQ,  type  of  material,  type  of  property, 
visual  perception,  complexity  of  the  task,  etc.  on  the 
acquisition  of  conservation  (Brace,  1963;  Dodwell,  1 9 6 1  ; 
Feigenbaum,  1 9  6  3 ;  Bruner,  1964;  Uzgiris,  1964;  Pelletier, 
1966;  Zimiles,  1963)* 
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4.  Criticized  the  methodology  of  Piaget  and/or 
offered  construtive  alternatives  (Braine,  1959 ,  1962, 

1964;  Murray,  1963;  Pratoomraj  and  Johnson,  1 9 6 6 ; 
Smedslund,  1963b,  1964,  1965)* 

In  addition  to  the  above  investigations,  two 
excellent  reviews  have  appeared  (Flavell,  1 9 6 3  j  Wallach, 

1963)  . 

The  research  reviewed  in  this  chapter  is  reported 
under  the  following  headings: 

1 .  The  Research  of  Jean  Piaget. 

2.  Training  Studies. 

3*  Methodological  Studies. 

4.  Other  Studies. 

5.  Discussion  and  Implications  for  this  Study. 

II.  THE  RESEARCH  OF  PIAGET 

As  with  most  of  Piaget's  research,  his  work  on 
Geometry  (Piaget,  Inhelder,  and  Szeminska,  i960),  con¬ 
sisted  essentially  of  an  account  of  how  a  few  selected 
subjects  responded  during  the  clinical  testing  procedure, 
together  with  an  elaborate  theorization  attempting  to 
explain  the  observations.  A  very  brief  review  of  three 
of  his  experiments  on  length  conservation  are  reported 
below.  The  first  two  deal  with  continuous  length,  and 


the  third  deals  with  dis-cont inuous  length. 
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In  the  first  experiment,  Piaget  used  a  wooden  rod 
and  a  narrow  strip  of  plasticene  undulated  like  a  snake, 
but  with  its  endpoints  coterminous  with  those  of  the 
wooden  rod.  The  child  was  asked,  "Are  they  the  same 
length  or  is  one  longer  than  the  other?"  (Piaget  et  al. , 
i960,  p.  91 )•  If  the  child  thought  they  were  the  same  in 
length,  he  was  made  to  run  his  finger  along  the  two  lines. 
If  he  still  believed  in  the  equality  of  length,  the  ques¬ 
tion  was  rephrased  in  terms  of  the  lengths  of  the  paths 
of  two  ants  walking  along  the  rods.  Next  the  snake  was 
straightened  out  whereupon  all  the  children  admitted  that 
the  plasticene  was  longer.  Finally  the  snake  was  twisted 
back  into  its  original  shape  and  the  original  question 
asked.  By  the  age  of  5  or  6,  only  10  per  cent  of  the 
children  gave  incorrect  replies.  Piaget  concludes  that 
the  non-cons erver ' s  (stage  l)  concept  of  length  is  defined 
strictly  in  terms  of  endpoints  without  any  reference  to 
the  structure  of  the  line  between  the  endpoints. 

In  a  second  experiment,  Piaget  aligned  two  5  cm. 
sticks  alongside  each  other  in  identity  position.  All  S 
agreed  that  the  sticks  were  the  same  in  length.  Then 
Piaget  moved  one  of  the  sticks  ahead  about  1  or  2  cm. 
and  S  was  again  asked  which  stick  was  longer  or  whether 
they  were  the  same  length.  Stage  1  subjects,  concentrating 
as  they  were  on  endpoints  (the  furthest  extremeties  more 
precisely),  thought  that  the  stick  that  was  moved  forward 
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had  become  longer.  Stage  II  children  gave  responses  of  a 
transitory  nature,  while  Stage  III  children  conserved 
length  on  all  counts. 

The  third  experiment  used  multiple  segmented  lengths 
arranged  in  two  parallel  straight  lines  about  1  or  2  cm. 
apart  in  identity  position.  One  of  the  lines  was  trans¬ 
formed  by  introducing  one  or  more  zigzags  into  it.  The 
question  asked  was  always  whether  the  lines  were  the  same 
length.  Some  of  the  matches  composing  the  lines  were 
broken  so  S  could  not  deduce  equality  from  one-to-one 
correspondence  between  the  matches.  In  his  analysis  of 
the  children’s  verbal  responses,  Piaget  derives  the 
following  four  factors  to  explain  the  child's  non-conser¬ 
vation  of  multiple  segmented  length. 

1.  The  first  factor  is  the  point-of-arrival  (the 
further  extremity),  and  later  the  relation  between  the 
point-of-arrival  and  the  point-of-departure .  This  again 
is  the  endpoint  factor  which  is  sometimes  counter-balanced 
by  one  or  more  of  the  remaining  factors. 

2.  The  zigzag  or  'detour'  factor  opposes  the  first. 

If  two  multiple  segmented  lines  have  coterminous  endpoints, 
but  one  has  obviously  more  zigzags  in  it  than  the  other, 
then  the  line  with  more  zigzags  is  judged  longer.  This 
factor  appears  to  lead  to  correct  responses,  but  it  is 
seriously  limited  by  two  other  sub-factors: 

(l )  The  factor  is  operative  only  when  the  situation 
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is  expressed  in  terms  of  speed  or  movement,  the  extra 
bends  increasing  the  time  to  cover  the  line. 

(2)  If  the  subject  is  asked  to  think  in  static  terms 
instead  of  dynamic  terms,  he  does  not  utilize  factor 
II  unless  the  detours  are  greatly  exaggerated. 

3.  Factor  III  centers  on  privileged  segments.  If 
two  multiple  segmented  lengths  are  congruent  except  that 
one  length  possesses  a  segment  which  is  longer  than  any 
segment  in  the  other,  then  the  length  having  the  longest 
segment  will  be  deemed  to  be  longer  as  a  whole.  This 
factor  is  obviously  in  opposition  to  the  additive  property 
of  length.  Factor  III  can  at  times  overcome  factor  II 
when  both  are  operative  in  a  situation. 

4.  Finally,  the  fourth  factor  is  concerned  with  the 
number  of  segments,  but  because  the  youngest  subjects 
lack  an  operational  concept  of  number  (Piaget,  1952; 

Brace,  1963)5  the  role  of  this  factor  is  equivocal.  Even 
when  two  equal  multiple  segmented  lengths  are  aligned  in 
identity  position,  some  subjects  will  say  that  one  object 
is  longer  than  the  other  because  it  has  more  parts. 

As  can  be  noted,  the  last  two  factors  (privileged 
segments  and  number  of  segments)  deal  with  faulty  sub¬ 
division  of  length.  It  is  not  realized  that  the  subdivi¬ 
sion,  no  matter  how  it  is  carried  out,  does  not  change 
the  length  of  the  whole  (the  order  of  position  does  not 
change ) . 
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The  first  two  factors  (endpoints  and  detours)  deal  with 
faulty  change  of  position.  It  is  not  realized  that  the 
length  of  an  object  which  has  been  moved  is  not  determined 
by  the  order  of  its  further  extemity  (i.e.  by  the  fact 
that  the  further  extremity  is  now  farther  than  the  further 
extremity  of  the  comparison  object),  nor  does  the  child 
understand  that  change  of  position  is  independent  of  the 
physical  correlates  of  speed  or  time.  Thus  factors  III 
and  IV  (faulty  subdivision)  mean  that  order  is  overlooked 
(i.e.  endpoints  are  overlooked  when  in  fact  they  would 
give  correct  cues)  due  to  faulty  subdivision.  Con¬ 
comitantly,  factors  I  and  II  promote  a  distortion  in 
subdivision  (i.e.  subdivision  is  overlooked  or  distorted 
to  fit  the  faulty  notions  of  order  or  change  of  position). 
It  is  not  until  the  child  can  differentiate  these  two 
forces  and  then  synthesize  them  into  a  reversible  whole 
that  he  can  possibly  conserve  length. 

In  every  case,  subdivision  on  one  hand  and  order  and 
change  of  position  on  the  other  are  not  synthesized 
and  relatively  undifferentiated.  It  is  this  lack  of 
coordination  between  its  two  fundamental  aspects  which 
accounts  for  the  non-conservation  of  a  qualitative 
linear  series  .  .  .  qualitative  conservation  will 

appear  as  and  when  there  is  coordination  of  subdivision 
and  order  of  position  „  .  .  (p.  112). 

Summary ♦  In  summary  of  this  brief  presentation  of 
some  of  Piaget's  work,  two  points  may  be  noted: 

1.  Piaget's  explanation  may  elegantly  describe  non¬ 
conservation,  but  does  not  explain  how  to  accelerate 


children  out  of  non-conservation. 
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2.  The  highly  verbal  nature  of  Piaget's  interview 
procedure  induces  some  doubt  about  what  cues  the  children 
were  responding  to  when  they  reacted  to  Piaget's  questions. 

III.  TRAINING  STUDIES 

Since  1959  there  have  been  quite  a  number  of 
investigations  carried  out  with  the  purpose  of  probing 
further  into  the  acquisition  of  conservation  of  quantity 
in  children.  None  of  the  investigators  are  science  or 
mathematics  educators.  They  are  instead  psychologists 
convinced  of  the  importance  of  conservation  to  rational 
thought,  and  therefore  they  have  tested  many  different 
techniques  of  inducing  conservation  in  children  in  an 
attempt  to  ascertain  whether  this  or  that  theory  best 
explains  the  acquisition.  From  an  educational  point  of 
view,  these  investigations  are  highly  enlightening  in  that 
they  reveal  many  of  the  theoretical  constructs  which  are 
being  tested  for  their  efficacy  in  accounting  for  the 
acquisition  of  conservation. 

Smedslund,  in  a  series  of  six  papers  (l96la,  1961b, 

196lc,  1 96 1 d ,  196le,  1 961 f ) ,  presented  the  results  of  a 

systematic  series  of  investigations  designed  to  assess  the 
effects  of  various  training  methods  on  the  acquisition  of 
the  conservation  of  substance  and  weight.  These  papers  are 
worth  discussing  because  several  basic  hypotheses  are 
scrutinized.  In  paper  I,  Smedslund  presented  theoretical 
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perspectives  and  possibilities,  and  reviewed  relevant 
research.  In  paper  II  he  used  three  groups  to  assess  the 
efficacy  of  three  training  methods  to  induce  conservation 
of  weight.  Group  1  observed  the  empirical  conservation 
of  weight  as  revealed  by  a  balance.  Group  2  practiced 
the  addition  and  subtraction  of  weight  on  a  scale.  Group 
3  was  a  control  group  which  merely  took  pretests  and  post¬ 
tests.  Smedslund  found  no  significant  difference  in  gain 
scores.  Empirical  training  on  balances,  then,  seems 
insufficient  to  induce  conservation.  One  might  hypothesize 
that  the  missing  component  in  the  above  training  sequences 
was  the  element  of  cognitive  conflict.  In  study  III 
Smedslund  found  that  children  who  had  acquired  conservation 
of  weight  via  an  empirical  training  program  quickly  gave 
up  conservation  when  faced  with  a  contrived  situation  in 
which  Smedslund  surreptitiously  removed  a  piece  of  plasti- 
cene  from  the  ball.  However,  children  who  had  brought 
conservation  with  them  to  the  experiment  tended  to  maintain 
their  conservation  saying,  "We  must  have  lost  some  clay  on 
the  floor.”  (1961,  p.  86).  Smedslund  concluded  that 
empirical  laws  acquired  through  reinforcement  training 
procedures  produce  pseudo  conservation  responses  and  not 
genuine  conservation.  He  interprets  this  as  evidence 
against  the  ability  of  S-R  theory  to  account  for  conser¬ 
vation,  and  as  a  point  in  favour  of  Piaget's  equilibrium 
theory  which  would  predict  the  results  obtained.  In 
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study  IV,  Smedslund  hypothesized  that  the  complete 
artificial  destruction  of  the  reliability  of  visual  cues 
(size)  in  an  experimental  situation  may  force  the  child 
to  search  for  more  reliable  cues  at  the  level  of  symbolic 
representation.  However,  a  training  program  of  36  items 
which  repeatedly  demonstrated  the  unreliability  of  visual 
cues  did  not  produce  stable  conservation  as  measured  by 
the  posttest.  In  studies  V  and  VI  Smedslund  checked  his 
cognitive  conflict  hypothesis.  He  used  shape  transfor¬ 
mations  combined  with  additive  and  subtractive  transfor¬ 
mations  and  sometimes  placed  these  in  opposition  to  each 
other.  For  example,  if  a  child  said  that  there  was  more 
plasticene  after  Smedslund  had  shaped  the  ball  into  a 
sausage,  Smedslund  would  take  a  small  piece  off  and  ask 
his  question  again.  By  using  these  transformations  in 
opposition,  Smedslund  hoped  to  induce  some  cognitive 
conflict  which  supposedly  would  induce  the  child  toward 
some  profound  cognitive  reorganization.  The  results 
indicated  that  some  learning  did  indeed  take  place,  but 
the  number  of  children  who  did  conserve  on  the  posttest 
was  only  5  out  of  13?  certainly  not  very  impressive. 

In  summary,  two  important  implications  emerge  from 
Smedslund 's  work:  (l)  an  internal  equilibrium  theory  is 

better  suited  to  account  for  the  acquisition  of  conser¬ 
vation  than  external  reinforcement  learning  theory,  and 
(2)  inducing  the  conservation  of  substance  in  young 
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children  is  very  difficult  indeed, 

Greco  (l 959?  cited  in  Smedslund  1961a,  and  in 
Laurendeau  and  Pinard  1962)  tested  the  efficacy  of 
empirical  rule  learning  acquired  by  external  reinforce¬ 
ment  to  account  for  the  acquisition  of  conservation.  His 
apparatus  consisted  of  three  different  coloured  balls 
attached  to  a  rod  which  was  pulled  through  a  cardboard 
tube  which  could  be  rotated  in  multiples  of  1 80  degrees. 
The  child  observed  the  balls  as  they  entered  the  tube, 
and  after  one  or  two  rotations  he  tried  to  predict  the 
colour  of  the  first  ball  exiting.  Two  groups,  designated 
D  and  S,  of  children  aged  5-10  to  7-1  were  given  training; 
group  D  (the  empirical  group)  practiced  the  outcomes  of 
one  and  two  rotations  separately  to  perfection,  while 
group  S  learned  a  mixture  of  one  and  two  rotations  to 
perfection.  A  posttest  given  some  one  to  three  months 
later  revealed  that  nearly  all  of  group  D  had  forgotten 
everything,  while  group  S  retained  almost  everything; 
furthermore,  group  S  showed  considerable  but  not  complete 
generalization  to  "n"  rotations.  Greco  concludes  that 
learning  occured  in  two  ways :  ( 1 )  by  learning  the  out¬ 

comes  of  one  and  two  rotations  separately  as  empirical 
laws  which  have  no  "necessary"  quality  about  them,  and 
(2)  by  profound  internal  re-structuring  forced  by  the  more 
complex  nature  of  the  presentation  of  a  mixture  of  rota¬ 


tions  . 


Apparently  the  mixture  led  the  subjects  to  search 
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for  relations  between  one  and  two  rotations,  and  to  under¬ 
stand  that  the  composite  transformation  consisting  of  two 
rotations  is  simply  the  product  of  one  rotation  followed 
by  another,  Thus  Greco's  explanation  highlights  the  role 
of  the  understanding  of  transformations  (rotations  in 
this  case)  in  learning.  He  also  suggested  that  the 
presentation  of  situations  which  permit  simple  response 
learning  are  detrimental  to  more  profound  cognitive  re¬ 
structuring.  Moreover,  Wohlwill  and  Lowe  (1962),  using 
three  methods  of  inducing  number  conservation:  (l)  rein¬ 

forced  practice,  (2)  demonstration  of  the  irrelevancy  of 
perceptual  cues,  and  (3)  practice  with  additive-subtractive 
transformations  (and  a  control  group),  found  no  significant 
differences  between  the  groups.  The  small  amounts  of 
transfer  revealed  on  the  posttests  indicated  to  Wohlwill 
that  short  duration  training  sessions  such  as  his  give 
rise  mainly  to  empirical  rules  with  small  generalization 
potential,  and  not  to  any  fundamental  re-structuring  of 
thought,  in  agreement  with  Greco. 

In  summary,  the  researches  of  Smedslund,  Greco, 
and  Wohlwill  suggest  that  profound  structural  reorganiza¬ 
tion  of  thought  is  necessary  to  convert  a  non-conserver 
into  a  conserver.  Piaget  (1957,  cited  in  Laurendeau  and 
Pinard,  1962)  distinguishes  two  kinds  of  cognitive 
reorganization;  one  he  calls  filiation,  and  the  other  he 


calls  substitution. 


Filiation  occurs  via  a  transformation 


. 
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which  directly  integrates  old  structures  into  new  ones; 

substitution  occurs  when  new  structures  replace  old  ones. 

Now  Laurendeau  and  Pinard  (1962)  suggest  that  their 

evidence  indicates  that  the  development  from  pre-causal 

notions  to  notions  of  genuine  causality  always  involves  a 

rather  long  period  .  .  .  during  which  primitive  notions 

are  intermingled  with  explanations  of  a  superior  type, 
but  nothing  indicates  that  the  superior  performances 
are  derived  from  a  transformation  or  integration  of 
inferior  performances  (p.  259)* 

In  other  words,  causal  notions  are  acquired  by  a  process 
of  substitution.  Now  if  the  transition  from  pre-causal 
notions  to  notions  of  genuine  causality  is  merely  another 
aspect  of  the  wider  transition  from  pre-logical  to  logical 
operation  (or  from  non-conservation  to  conservation),  then 
the  acquisition  of  conservation  should  proceed  via  substi¬ 
tution.  Substitution  would  amount  to  a  profound  cognitive 
re-structuring.  On  the  basis  of  the  above  analysis,  the 
inducement  of  conservation  via  short  term  training  methods 
would  be  a  formidable  task. 

Some  studies,  however,  seem  to  have  overcome  the 
difficulty  of  inducing  conservation,  if  indeed  the  diffi¬ 
culties  described  above  are  real  difficulties.  Wallach 
and  Sprott  (1964),  using  a  training  method  which  (l) 
required  the  child  to  predict  whether  one-to-one  corres¬ 
pondence  could  be  re-established  between  two  sets  of 
discrete  complementary  objects  (dolls  and  beds)  after  the 
objects  had  undergone  an  additive-subtractive  or  spatial 
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transformation  or  both,  and  (2)  required  the  child  to 
attempt  to  reconstruct  the  one-to-one  correspondence, 
found  that  this  training  method  was  significantly  success¬ 
ful  in  inducing  number  conservation.  Furthermore,  the 
experimental  group  maintained  their  conservation  on  a 
second  posttest  using  different  materials  given  from  two 
to  three  weeks  after  the  first  posttest.  Wallach  and 
Sprott  argue  that  the  crucial  variable  in  conservation 
is  "reversibility".  They  suggest  that  their  study  supports 
the  hypothesis  that  as  far  as  a  child  is  concerned  "a 
property  is  regarded  as  conserved  under  an  operation 
which  removes  a  defining  attribute  when  it  is  expected 
that  the  inverse  operation  will  lead  to  the  attribute's 
reappearance  at  the  same  value"  (p.  IO69).  However, 

Lovell  and  Ogilvie  (1961),  using  the  now  classic  plasticene 
balls  experiment  to  test  for  the  conservation  of  weight 
and  substance,  reported  that  46^  of  the  non-conservers 
showed  evidence  of  being  able  to  recall  that  the  balls 
were  equal  before  the  shape  transformation  was  applied 
to  one  of  them.  Defining  reversibility  as  "the  capacity 
to  show  awareness  of  the  equality  of  the  balls  before  the 
experiment"  (p.  1 39 ) >  the  authors  concluded  that  reversi¬ 

bility  is  not  a  sufficient  condition  for  conservation. 
Supposing  that  the  discrepancies  between  Wallach  and 
Sprott ' s  conclusion  and  the  conclusion  of  Lovell  and 
Ogilvie  is  not  accounted  for  by  the  difference  between 


28 


number  and  weight  conservation,  then  what  is  the  explana¬ 
tion  of  these  contrary  findings?  Wallach  and  Sprott 
suggest  that  mere  "dispositional  reversibility"  (such 
as  defined  by  Lovell  and  Ogilvie)  does  not  require  the 
child  to  actually  imagine  the  inverse  operation  which 
will  re-establish  the  equality.  In  the  terminology  of 
this  thesis,  the  criterion  of  reversibility  in  Lovell  and 
Ogilvie' s  definition  is  a  state  criterion.  The  child 
has  only  to  recall  the  equality  state  prior  to  the  trans¬ 
formation.  The  criterion  in  Wallach  and  Sprott ' s  definition 
is  a  dynamic  criterion;  the  child  must  actually  think  of 
the  transformation  (or  operation)  which  will  re-instate 
the  equality  state.  What  Wallach  and  Sprott  are  suggesting 
is  that  a  child  will  conserve  if  he  realizes  that  every 
spatial  transformation  (or  conserving  transformation  in 
general)  necessarily  implies  its  own  inverse.  They  point 
out  that  conservation  is  not  necessarily  deducible  from 
the  fact  that  every  shape  transformation  possesses  an 
inverse,  but  that  to  as sume  that  this  is  the  case  makes 
for  cognitive  economy. 

Another  recent  study  in  which  some  success  was 
experienced  in  inducing  number  conservation  in  children 
was  a  comprehensive  and  well  designed  experiment  by  Beilin 
(1965)-  In  general,  his  method  consisted  of  the  familiar 
pretest- training-pos ttest  procedure  which  he  used  with 
170  children  aged  5  to  11 .  The  only  training  method  of 
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the  four  used  which  produced  significantly  greater  gains 
than  the  control  group  was  a  highly  verbal  method  Beilin 
calls  "Verbal  Rule  Instruction".  It  appears  highly  unlikely 
that  "Verbal  Rule  Instruction"  could  induce  any  profound 
cognitive  reorganization  but  perhaps  profound  cognitive 
reorganization  is  not  required,  but  this  would  contradict 
the  findings  of  Piaget  (1952,  I960),  Wohlwill  and  Lowe 

(1962),  Smedslund  (1961a, b,c,d,e,f),  Feigenbaum  and  Sulkin 
(1964),  and  Ervin  (i960).  Perhaps  the  explanation  is 
that  Beilin's  posttest  materials  and  procedure  were  almost 
identical  to  those  used  in  the  training  sessions  so  that 
superficial  cognitive  reorganization  verbally  induced 
would  be  sufficient  to  give  correct  responses  in  the  post¬ 
test.  Such  superficial  learning  would  not  be  expected  to 
transfer  to  more  different  contexts  involving  the  same 
principles  of  conservation  and  Beilin  (  1 9 6 5 ) >  and  Beilin 
et  al. ,  (1966)  have  found  that  indeed  it  does  not. 

Summary .  The  investigations  of  Greco  ( 1959)  and 
WalTach  and  Sprott  (1964)  suggest  that  the  child's  under¬ 
standing  of  the  relation  between  transformations  (that  two 
rotations  is  the  same  as  one  rotation  followed  by  another 
in  Greco's  case;  and  that  every  spatial  transformation 
necessarily  implies  its  inverse  in  the  case  of  Wallach  and 
Sprott)  is  a  critical  variable  in  the  child's  understanding 
of  physical  events.  Since  almost  all  of  the  other 
training  methods  did  not  succeed  in  inducing  conservation, 
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an  implication  is  that  a  transformation  approach  to 
conservation  merits  further  investigation. 

IV.  METHODOLOGICAL  STUDIES 

Under  this  heading  are  presented  studies  which 
have  in  some  way  devised  new  methods  for  studying  conser¬ 
vation  and  related  concepts. 

The  most  significant  departure  from  Piaget's 
methods  are  those  proposed  and  tested  by  Braine  (l959> 
1962,  1964).  Braine ' s  method  has  been  highly  criticized 

by  Smedslund  (1963b,  1965)  who  has  pointed  out  the  possi¬ 

bility  that  Braine ' s  design  allows  for  correct  responses 
to  be  made  on  the  basis  of  cues  other  than  logical 
reasoning.  Braine  (1964)  then  criticized  Smedslund' s 
reply,  and  subsequently  Smedslund  (1965)  criticized 
Braine ' s  criticism.  The  interchange  began  with  Braine ' s 
study  of  the  development  of  transitivity  of  length  in 
children  using  non-verbal  methods  which  significantly 
lowered  the  age  at  which  the  child  gave  evidence  of 
possessing  transitivity  (1959)*  His  subjects  were  trained 
to  find  candy  which  was  always  hidden  under  the  longer 
(or  shorter)  of  any  two  upright  sticks  of  wood.  Having 
learned  to  respond  to  relative  length  as  the  relevant 
cue,  the  children  were  given  a  number  of  transitivity 
items.  They  were  shown  that  upright  A  was  longer  than 

/C  ^ 

comparison  stick  B,  and  that  comparison  stick  B  was  longer 
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than  upright  C.  They  were  then  asked  to  find  the  candy. 
Braine  interpreted  his  data  as  revealing  that  the  thres¬ 
hold  age  at  which  50 ^  of  the  children  have  transitivity 
of  length  is  somewhere  between  4-2  and  5~5*  These  ages 
are  at  least  two  years  younger  than  Piaget  indicates. 

Braine  suggested  that  the  difference  occured  " .  .  .  because 

in  designing  his  experiments  Piaget  fails  to  eliminate 
important  variables  which  are  not  involved  in  the 
definition  of  the  processes  he  sets  out  to  investigate" 

( 1 959 ,  p.  10) .  Smedslund  (1963k)  suggested  that  Braine ' s 
non-verbal  technique  itself  contains  important  variables 
which  are  not  involved  in  the  processes  he  sets  out  to 
measure,  and  that  these  variables  are  probably  what  enabled 
the  younger  Ss  to  give  correct  responses.  Smedslund  called 
the  making  of  correct  responses  on  the  basis  of  non-logical 
cues  the  "non- trans i t ive  hypothesis"  (p.  394).  Whether  or 

not  the  non-transitive  hypothesis  was  operative  in  Braine ' s 
study  is  as  yet  unsettled.  As  Smedslund  (1965)  concluded, 
"There  appears  to  exist  no  compelling  evidence  for  or 
against  the  assumption  that  the  performance  of  Braine ' s 
subjects  .  .  .  was  based  only  on  non- trans it ive  hypothesis" 

(p.  580).  Moreover,  Smedslund  pointed  out  that  it  is  not 

necessary  to  utilize  the  elaborate  training  technique 
used  by  Braine  in  order  to  communicate  the  response 
criteria  to  S.  Smedslund  indicated  that  E  could  simply 
ask  S  to  point  to  "the  longer  stick"  and  if  S  could 
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consistently  do  so,  then  the  verbal  communication  variable 
is  controlled  for.  Using  this  method  of  communication  and 
supposedly  eliminating  the  non- transit ive  hypothesis, 
Smedslund  (1963b)  placed  the  threshold  age  at  which  50^ 
of  the  Ss  possess  transitivity  of  length  at  8,  in  agreement 
with  Piage t . 

The  Braine-Smeds lund  interchange  has  resulted  in 
a  number  of  valuable  suggestions  concerning  the  flaws  in 
the  design  of  experiments  with  young  children.  These  have 
been  listed  by  Smedslund  (1963b,  pp .  39^-397)  and  are 
briefly  quoted  below: 

1.  No  Understanding  of  Instructions. 

2.  Failure  to  Perceive  the  Two  Initial  Comparisons. 

3.  Forgetting. 

4.  Guessing. 

5.  Perceptual  Discrimination. 

6.  Non- trans i t ive  Hypotheses. 

The  operation  of  a  "non-transitive"  type  of  hypo¬ 
thesis  in  testing  situations  is  a  very  real  danger  as  is 
clearly  shown  by  Ausubel  and  Schiff  (1954).  That  it  is 
extremely  difficult  to  remove  has  been  shown  by  Braine  and 
Smedslund . 

Another  methodological  consideration  important  for 
conservation  testing  is  the  role  played  by  perceptual  cues. 
Zimiles  (1963)  has  pointed  out  that  when  the  experimenter 
tests  for  conservation  of  number  (say)  by  spending 
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considerable  time  manipulating  irrelevant  cues  (such  as 
length)  to  see  if  S  will  respond  to  them,  S  may  infer  that 
since  E  is  consistently  manipulating  length,  E  "obviously" 
wants  him  to  respond  to  this  manipulated  cue,  and  hence  an 
irrelevant  cue  has  been  manipulated  into  relevancy,  but 
the  validity  of  the  procedure  is  dubious.  Moreover,  if 
the  testing  instrument  consists  of  a  sequence  of  items 
perhaps  involving  different  perceptual  cues,  then  an 
irrelevant  perceptual  cue  made  relevant  in  a  previous 
item  (or  subtest  of  items),  may  carry  over  into  the 
following  items  or  subtests.  The  confounding  effect  of 
such  irrelevant  cues  can  be  removed  through  a  variety  of 
procedures . 

One  method  would  be  to  communicate  the  criteria 
of  response  so  unambiguously  that  only  a  non-conserver 
would  create  relevancy  out  of  irrelevancy.  A  non-verbal 
method  such  as  Braine ' s  (1959)  is  a  possibility.  Another 
method  is  one  such  as  used  by  Murray  (l9^5)«  He  tested 
for  the  conservation  of  length  among  first,  second,  and 
third  graders.  His  procedure  consisted  of  the  following: 

1 .  Drawing  two  parallel  dotted  lines  one  foot  long  on 
the  blackboard  one  exactly  above  the  other. 

2.  Measuring  each  line  with  a  12  inch  ruler  so  that 
all  S  would  acknowledge  their  equality. 

3.  Adding  solid  illusion  inducing  lines  to  each  dotted 
line  . 

4.  The  subjects  were  questioned  as  to  whether  the 
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bottom  line  would  be  longer,  equal,  or  shorter  than  the 
top  one  if  the  dotted  lines  were  measured  again. 

Murray  found  that  the  age  for  conservation  of  length 
was  between  7  and  8.  Murray  did  not  state  the  percentage 
of  pupils  who  were  conservers  at  7  or  8,  but  from  his  data, 
the  writer  infers  that  Murray's  ages  probably  refer  to  the 
threshold  age  at  which  30 %  of  the  subjects  conserved 
length.  Murray  interpreted  his  ages  for  conservation  of 
length  to  be  in  agreement  with  those  of  Piaget  et  al.  (i960). 

Summary.  In  general,  the  above  studies  show: 

1 .  That  methodological  problems  can  render  the  results 
of  an  investigation  ambiguous. 

2.  The  possibility  of  reducing  the  threshold  ages  for 
concept  acquisition  by  using  non-verbal  methods. 

3-  That  perceptual  discrimination  can  be  controlled 
for  by  utilizing  illusion  producing  contexts. 

4.  That  the  threshold  age  at  which  30^  of  the  children 
will  conserve  length  is  between  7  and  8  when  verbal  methods 
are  used. 

V.  OTHER  STUDIES 

Reported  here  are  reviews  of  studies  not  classified 
under  other  headings,  but  of  importance  to  the  study  from 
a  theory  point  of  view. 

Halpern  (1965)  conducted  a  study  to  ascertain 
misleading  perception  as  a  function  of  cognitive  style 
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(cognitive  style  was  of  two  kinds:  ( 1 )  empirically 

oriented,  and  (2)  deductively  oriented).  The  test 
consisted  of  36  transitivity  of  weight  items:  from  A 
heavier  than  B  and  B  heavier  than  C,  the  child  had  to 
infer  that  A  was  heavier  than  C.  However,  perceptual 
cues  (size  in  this  case)  were  sometimes  made  to  contra¬ 
dict  logic.  For  example,  A  would  be  smaller  than  C, 
although  heavier. 

From  a  total  of  236  children,  20  were  selected, 

10  each  satisfying  one  or  the  other  of  the  cognitive 
styles.  The  subjects  had  demonstrated  that  they  could 
give  six  consecutive  correct  responses  to  transitivity 
of  weight  items  in  which  A  and  B  and  C  were  all  the  same 
size.  Thus  all  the  20  subjects  were  classified  as 
possessing  transitivity  of  weight.  These  subjects  also 
gave  seven  out  of  eight  correct  responses  to  conservation 
of  weight  items,  further  proof  that  they  had  begun  the 
journey  into  the  stage  of  concrete  operations. 

As  hypothesized,  Halpern  found  that: 

In  the  concrete-operational  stage,  when  solving 
problems  that  offer  both  perceptual  and  logical 
cues,  children  with  an  empirical  orientation  err 
more  often  than  children  with  a  deductive  orien¬ 
tation  ( p .  495 ) • 

Halpern  suggests  two  implications:  (l)  that  logical 

thinking  does  not  always  correct  perception,  and  (2) 
even  where  logical  thought  has  developed,  perception 


can  guide  thought. 
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Halpern's  study  has  important  implications  for 
research  on  conservation,  Her  study  underlines  the 
ambiguity  embedded  in  definitions  of  the  criteria  a 
child  must  satisfy  before  he  is  classified  as  a  conserver 
with  respect  to  a  given  property.  The  subjects  in  her 
study  were  supposedly  all  conservers  of  weight  and  had 
already  acquired  the  transitivity  of  weight,  but  when 
she  presented  them  with  problems  in  which  perception 
contradicted  logic,  some  of  them  reverted  to  preopera- 
tional  thought,  thus  proving  that  they  really  had  not 
acquired  the  transitivity  of  weight,  although  on  the  basis 
of  previous  criteria  they  had  shown  that  they  had  acquired 
trans i t ivi ty . 

Should  a  subject  be  classified  as  a  conserver  if 
he  can  conserve  the  quantity  under  most  ordinary  condi¬ 
tions?  Or  should  the  class  of  conservers  be  limited  only 
to  those  who  conserve  in  the  most  deceptively  contrived 
contexts  as  well  as  in  ordinary  contexts?  It  is  to  be 
noted  that  almost  any  adult  could  be  turned  into  a  non- 
conserver  if  the  transformations  impinging  on  the  object 
are  exotic  enough  and  applied  under  conditions  to  fool 
even  the  astutest  minds.  As  Halpern  suggests,  more 
research  is  required  on  this  theoretical-operational  problem. 
What  is  required  is  a  precise  operational  definition  of  a 
conserver  which  will  mesh  well  with  constructs  already 


accepted  as  valid. 


'4  1 
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Luchins  and  Luchins  (1964)  have  published  a  paper 
relating  to  the  role  of  invariance  in  psychological  research 
They  make  numerous  suggestions  about  how  various  phenomena 
in  different  fields  of  study  could  be  studied  from  a  trans¬ 
formational  viewpoint.  The  advantage  of  attempting  a  trans¬ 
formational  viewpoint  lies  in  the  fact  that  an  elaborate 
theory  of  transformations  and  groups  of  transformations 
already  exists  in  mathematics,  and  if,  as  Luchins  and 
Luchins  hint  at,  mathematical  invariants  can  be  shown  to 
be  isomorphic  to  certain  observable  or  phenomenal  invariants 
then  the  edifice  of  mathematical  theory  of  transformations 
could  be  used  to  help  order  the  phenomenal  world.  Luchins 
and  Luchins  ask  some  intriguing  questions: 

Which  mathematical  invariants  tend  to  be  phenomenal 
invariants?  .  .  .  Given  a  class  of  mathematical  trans¬ 

formations,  are  some  of  its  invariants  more  likely 
to  be  phenomenal  invariants  than  others?  «  .  .  would 

magnitudes,  the  invariants  under  rigid  motions,  be 
more  likely  to  be  reported  as  invariants  than  the 
invariants  under  projective  transformations  or  under 
still  more  drastic  topological  transformations? 

(p.  270). 

The  Luchins  and  Luchins  paper  asks  more  questions 
than  it  answers,  perhaps  indicating  that  very  little  is 
known  about  the  efficacy  or  feasibility  of  a  transforma¬ 
tional  approach  in  studying  concept  formation. 


VI. 


SUMMARY,  DISCUSSION,  AND  IMPLICATIONS 
FOR  THIS  STUDY 


Several  important  inferences  emerge  from  the  studies 
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reviewed.  These  are  condensed  and  reported  below  in 
tabular  form. 

1.  The  Braine  (l959»  1962,  1964)  and  Smedslund  (1963d, 

1963)  studies  have  pinpointed  several  pitfalls  which  can 
plague  investigations  of  the  cognitive  development  of 
young  children.  The  fact  that  both  Smedslund  and  Braine 
admit  that  there  exists  no  compelling  evidence  one  way  or 
the  other  about  the  validity  of  their  procedures  attests 

to  the  difficulty  of  controlling  for  pitfalls.  The  present 
study  attempts  to  control  for  the  pitfalls. 

2.  In  attempting  to  control  for  the  confounding 
effects  of  verbal  communication,  Braine  (1959)  used  a 
non-verbal  method  of  communicating  the  response  criteria 
to  the  Ss,  and  significantly  lowered  the  threshold  age  at 
which  50%  of  the  children  expressed  operat i onali ty  with  the 
logic  of  transitivity  of  length.  Using  calipers*,  the 
present  study  attempts  to  communicate  the  response  criteria 
to  S  by  giving  him  an  operational  definition  of  length. 
Concomitantly,  a  three-way  response  apparatus  will  be  used 
to  enable  the  Ss  to  express  their  judgements  in  a  non¬ 
verbal  manner. 

3.  Smedslund  (1963d)  has  suggested  that  an  appropriate 
way  of  controlling  for  the  confounding  effects  of  visual 
estimation  is  to  use  illusions.  Murray  ( 1 9 6 5 )  used 
illusions,  and  placed  the  age  of  the  acquisition  of 

*  See  Appendix  C  for  a  discussion  on  the  use  of 
calipers  to  test  conservation  of  length. 
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conservation  of  length  at  between  7  or  8„  Out  of  Halpern's 
study  {1965)  emerges  the  inference  that  the  use  of  deceptive 
perceptual  cues  changes  the  definition  of  a  "conserver" 
with  the  result  that  those  formerly  classified  as  having 
acquired  logical  reasoning  reveal  that  they  were  "mis- 
classif ied" .  Shifting  definitions  always  create  problems. 
This  study  includes  a  subtest  of  illusion  items  as  well 
as  items  without  illusions  in  order  to  draw  comparisons. 

4.  Methods  for  inducing  conservation  in  children  by 
the  use  of  relatively  short  training  sessions  have  in 
almost  all  cases  except  one  met  with  limited  results. 

The  method  of  training  the  Ss  on  the  use  of  inverse 
transformations  (Wallach  and  Sprott,  1964)  has  proven 
to  be  the  most  significant  exception.  The  role  of  trans¬ 
formations  in  conservation  is  further  explored  in  the 


present  study. 


CHAPTER  III 


THE  EXPERIMENTAL  DESIGN 

I .  GENERAL  METHOD 

Since  there  was  no  test  designed  to  measure  the 
effects  of  transformations  on  the  conservation  of  length, 
the  investigator  designed  such  a  test  for  use  in  this 
s  tudy . 

Furthermore,  an  essentially  non-verbal  technique 
of  communicating  the  relevant  response  criteria  to  the 
subjects  was  desired  and  thus  a  new  technique  utilizing 
calipers  was  designed  to  define  the  criteria  the  subjects 
were  to  use  in  making  their  responses.  To  keep  S  motivated 
and  to  provide  an  easy  way  for  him  to  express  his  judge¬ 
ments,  a  three-way  response  apparatus  was  designed,  the 
correct  response  leading  to  a  candy  reward. 

The  testing  program  consisted  of  two  parts:  (l) 

a  training  session,  and  (2)  administration  of  the  test. 

Part  (2)  followed  immediately  after  the  successful  com¬ 
pletion  of  part  ( 1 ) . 

Each  test  item  (except  the  illusion  items)  was 
administered  as  follows:  (l)  a  pair  of  calipers  and  an 

object  were  placed  in  front  of  S,  (2)  S  applied  the  calipers 
to  the  object,  (3)  E  removed  the  calipers  and  applied  a 
transformation  to  the  object,  and  (4)  S  predicted  how  the 
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calipers  would  refit  by  choosing  one  of  the  three  doors  on 
the  response  apparatus.  The  procedure  for  the  illusion 
items  was  as  follows:  (l)  E  placed  a  black  wooden  rod 

and  an  orange  wooden  rod  in  front  of  S,  (2)  S  compared  the 
lengths  of  the  two  rods  by  aligning  them  in  identity  posi¬ 
tion,  (3)  E  removed  the  black  rod  from  the  table  and  S 
applied  the  calipers  to  the  orange  rod,  (4)  E  placed  both 
rods  into  an  illusion  form,  and  (5)  S  predicted  how  the 
calipers  would  fit  the  black  rod  by  choosing  one  of  the 
doors  on  the  response  apparatus.  As  can  be  seen,  the 
illusion  items  involved  a  greater  use  of  the  transitivity 
of  length  than  did  the  other  items. 

The  training  session  was  designed  to  ( 1 )  teach  S 
how  to  use  the  calipers,  (2)  show  S  the  three  possible 
ways  the  object  could  "fit"  into  the  calipers,  (3)  show 
S  how  to  use  the  response  apparatus  in  predicting  how  the 
calipers  would  refit  after  the  object  was  given  a  trans¬ 
formation  . 

The  "fits"  were  of  three  kinds:  (l)  the  rod  was 

.5  cm.  shorter  than  the  span  of  the  calipers,  (2)  the  rod 
was  equal  to  the  span  of  the  calipers,  and  (3)  the  rod  was 
•5  cm.  longer  than  the  span  of  the  calipers.  The  "fits" 
are  denoted  as  "less  than"  (<) ,  "equal  to"  (=),  and 
"greater  than"  (^)  respectively. 


0*1  i 
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II.  APPARATUS  AND  MATERIALS 

Materials 

The  objects  used  Tor  exhibiting  length  consisted  of: 

1 .  An  assortment  of  wooden  rods  one  square  centimeter 

in  cross  section,  and  exhibiting  lengths  of  .  5>  2, 

3>  3 • 5 ,  4,  4.5,  5 ,  9,  9-5,  and  10  cm.  About  half 
of  them  were  in  Cuisenaire  colours  and  half  of  them 
were  black. 

2.  Twenty  strips  of  plasticene  of  dimensions  .5  cm. 
by  .5  cm.  by  9*5  cm. 

3.  Twenty  cigarettes  with  filters.  Ten  were  9  cm.  in 
length,  and  ten  were  8.5  cm.  in  length. 

Apparatus 

The  main  apparatus  consisted  of  (l)  calipers,  (2) 
the  response  apparatus,  and  (3)  the  illusion  forms. 

Calipers* .  Six  pairs  of  calipers  were  constructed, 
two  each  to  measure  lengths  of  9,  9-5,  and  10  cm.  Figure  1 

shows  the  design  of  the  calipers  and  how  the  objects  fit 
into  them. 

Response  Apparatus.  The  response  apparatus  con¬ 
sisted  of  a  box  with  a  front  face  of  dimensions  15  cm.  by 
45  cm.  with  a  depth  of  15  cm.  Three  "doors"  through  which 
candy  rewards  were  dispensed  for  correct  responses  were 
evenly  spaced  along  the  front  face  of  the  box.  When  closed, 

*  A  rationale  for  the  use  of  calipers  in  testing  for 
length  conservation  is  given  in  Appendix  C. 
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(a) 


(b) 

* 


Figure 
on  an  ob  j  ec  t  . 


( a )  alone , 


Two  calipers 


and  (b)  fitted 
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each  door  fit  snugly  against  the  front  edge  of  a  little 
wooden  slide  down  which  the  candy  would  slide  when  the 
door  was  opened.  Elastic  bands  were  used  to  make  the 
doors  self-closing.  Figure  2  gives  a  diagram  of  the 
response  apparatus.  Along  the  top  of  the  box,  three 
calipers  and  three  wooden  rods  were  placed  directly  above 
each  door  (Fig.  2a).  During  the  training  session,  S 
placed  the  rods  into  the  calipers  and  noted  the  three 
different  ways  the  rods  could  fit  (Fig.  2b).  From  left 
to  right,  the  "model  fits"  were  ones  such  that  the  rod 
was  (l)  . 5  cm.  shorter  then  the  span  of  the  calipers, 

(2)  equal  to  the  span  of  the  calipers,  and  (3)  *5  cm. 

longer  than  the  span  of  the  calipers.  Whenever  S  had  to 
predict  how  the  calipers  would  fit  on  an  object,  he  would 
give  his  answer  by  opening  the  door  corresponding  to  the 
model  fit  he  thought  would  best  represent  the  fit. 

III.  THE  SAMPLE 

The  population  consisted  of  196  kindergarten  and 
grade  one  children  enrolled  in  eight  classrooms  in  two 
schools  at  the  Griesbach  army  barracks  of  the  Canadian 
Armed  Forces  near  Edmonton,  Alberta. 

The  sample  was  selected  so  as  to  obtain  equal 
numbers  of  both  sexes,  and  equal  numbers  of  kindergarten 
and  grade  one  children.  Otherwise  the  sampling  was  done 
randomly  by  assigning  a  number  to  each  of  the  196  pupils 
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(a) 


(*) 


Figure  2.  The  response  apparatus:  (a)  with  model 
calipers  and  rods  still  separated,  and  (b)  with  rods 
inserted  into  the  calipers  by  S  to  form  the  model  fits. 
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and  then  consulting  a  table  of  random  numbers  in  Keeping 
(1962)0  The  random  sample  of  the  64  subjects  was  made  up 
of  33  girls  and  31  boys. 

Of  the  64  subjects  selected,  two  kindergarten  S 
had  to  be  excluded;  one  because  of  illness  and  the  other 
because  E  could  not  communicate  with  him.  This  latter  S 
could  not  distinguish  between  the  three  different  kinds 
of  fits,  and  therefore,  failed  to  reach  the  criterion  of 
four  consecutive  correct  responses  required  in  the  training 
session.  The  final  sample,  therefore,  consisted  of  62 
subjects,  33  of  whom  were  girls  and  29  were  boys.  Table  1 
gives  the  distribution  of  the  sample  by  age,  sex,  and  grade. 

IV .  PROCEDURE 

The  Training  Session 

A  training  session  of  from  five  to  ten  minutes  was 
given  to  each  S  in  order  to  accomplish  the  following: 


1 . 

To 

train 

S 

on 

the  procedure  of  using 

the  calipers . 

2. 

To 

train 

S 

to 

distinguish  the  three  kinds  of  fits. 

3- 

To 

train 

s 

to 

associate  each  type  of 

fit  with  one 

the 

doors  on 

the 

response  apparatus. 

4. 

To 

train 

S 

to 

predict  the  fit  of  the 

calipers 

after  E  gives  the  object  a  transformation. 

Since  the  validity  of  the  entire  testing  program 
depends  on  the  success  of  the  training  program  in  commu¬ 
nicating  to  S  the  exact  criteria  he  is  to  use  to  make 
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FREQUENCY  DISTRIBUTION  OF  THE  SAMPLE  BY  AGE,  SEX,  AND  GRADE 
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decisions,  and  exactly  how  to  use  the  apparatus  in  order 
to  carry  out  a  decision  about  a  particular  transformation, 
a  detailed  account  of  the  training  session  is  given  below. 

Each  S  was  trained  and  tested  individually  by  E 
and  an  assistant  in  a  small  private  room  in  the  school. 

After  being  introduced  to  the  entire  class  by  the  teacher, 

E  explained  that  he  had  a  little  game  he  should  like  to  play 
with  some  of  the  children.  E  then  escorted  the  Ss  one  at 
a  time  to  the  testing  room.  Each  session  proceeded  as 
follows : 

1.  First,  S  was  shown  how  to  use  the  calipers.  S 
was  seated  in  front  of  the  response  apparatus  (see  figure  3)« 
S  was  asked  if  he  had  ever  played  with  the  material  displayed 
on  the  table  and  invariably  S  said  no.  "Then  I’ll  show  you 
how."  E  picked  out  a  9  caliper  and  (4,3,2)*  rods  and 
placed  them  on  the  table  with  one  of  the  rods  on  end.  "We 
try  to  push  these  (pointing  to  the  calipers  and  pushing 
them  slightly  toward  the  rods)  onto  these  sticks."  After 
a  slight  pause,  E  said,  "But  to  make  it  easy,  we  do  this 
first.  We  lay  the  sticks  down  like  this  (upright  rod  is 
laid  horizontally),  and  put  them  along  here  (along  the 
front  edge  of  the  box  containing  the  rods)  nice  and  close 
(gaps  are  closed  between  sticks)  in  a  straight  line."  E 
brings  the  rods  back  into  random  formation  and  says,  "Now 
you  try  it."  Every  S  could  arrange  the  sticks  properly. 


*  A  4  cm.  rod,  a  3  cm.  rod,  and  a  2  cm.  rod. 


* 
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Figure  3 •  A 
response  apparatus. 


s  ub  j  e  c  t 
( Posed 


seated  in  front  of 
after  she  had  been 


the 

tested) . 
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"Now  see  if  you  can  push  these  on."  S  pushes  the  calipers 
on  and  is  assisted  if  necessary.  "Boy  those  rods  sure 
fit  nice  don't  they?  Here,  try  these  ones."  (9«5  caliper; 
5,3,2,  rods ) . 

Several  other  examples  are  given  illustrating  the 
three  different  kinds  of  fits.  S  is  asked  if  all  the 
sticks  fit  the  same  and  invariably  said  no.  The  "less- 
than"  fits  and  the  "greater- than "  fits  were  always  .5  cm. 
too  short  or  too  long.  S  was  encouraged  to  verbalize 
about  the  differences  in  the  three  fits  but  if  he  did 
not,  he  was  not  urged.  Most  of  the  Ss  could  describe 
the  various  fits  using  such  words  as  "too  small",  "too 
short",  "not  long  enough",  "there's  some  missing  here", 
"there's  a  hole",  or  "nice",  "just  right",  "right", 

"same",  "good",  "it  fits  nice",  or  "it's  too  big",  "too 
much",  "that's  too  long",  "it  won't  go  in",  etc.  If  S 
volunteered  his  own  words,  then  E  used  S's  terminology 
when  refering  to  the  various  fits. 

2.  Secondly,  S  was  shown  how  the  response  apparatus 
was  related  to  the  various  fits,  and  how  to  use  the 
apparatus  in  describing  how  the  rods  fit. 

After  S  had  mastered  the  technique  of  applying  the 
calipers,  E  directed  S's  attention  to  the  calipers  and 
sticks  aligned  in  pairs  on  top  of  the  response  apparatus 
above  the  doors  (Figure  2a).  S  was  directed  to  place  each 
rod  into  its  corresponding  caliper.  "Do  they  all  fit  the 
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same  or  do  they  fit  differently?"  All  S  said  they  were 
different  and  E  asked  S  to  tell  him  how  they  were  different, 
and  again  no  insistence  was  made  on  verbal  replies  from  S. 

S  was  shown  the  doors  directly  below  the  model  fits  and 
how  they  opened.  The  one-to-one  correspondence  between 
the  model  fit  and  its  corresponding  door  was  established 
by  E  designating  a  fit  (either  by  pointing  or  by  using  S's 
terminology)  and  S  opening  the  door. 

E  then  placed  a  9  caliper  and  (4, 3? 2)  rods  on  the 
table  and  S  applied  the  caliper.  "Which  one  of  these 
(pointing  at  the  model  fits)  is  it  like?"  If  S  designated 
the  proper  model  fit,  E  asked,  "Which  door  are  you  going  to 
open  then?"  If  S  designated  a  wrong  fit  he  was  told  to 
look  closely  and  to  try  again.  Every  S  could  designate 
the  correct  model  and  open  the  corresponding  door  after 
the  second  attempt.  On  opening  the  proper  door,  a  candy 
was  revealed.  S  was  then  asked  if  he  thought  there  would 
be  candies  behind  the  other  two  doors,  and  he  was  invited 
to  try  them.  There  were  no  candies  behind  the  wrong  doors. 
Several  other  combinations  of  calipers  and  rods  were  tried 
and  after  S  made  four  consecutive  correct  responses 
(P=V81 )  (i.e.  opened  the  correct  door),  the  next  phase 

of  the  training  session  was  begun.  All  S  could  give  four 
consecutive  correct  responses  within  seven  attempts.  The 
concept  attainment  technique  was  not  used  to  get  S  to 
make  correct  responses  because  the  time  required  for  such 
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techniques  is  rather  lengthy. 

3.  Thirdly,  a  modification  was  introduced  into  the 
relation  between  how  the  rods  fit  the  calipers  and  the 
correct  door  by  telling  S  that  he  had  to  imagine  how  the 
rods  would  fit  after  they  were  given  a  transformation. 

After  the  completion  of  phase  two  of  the  training 
session,  all  S  agreed  that  it  was  easy  to  find  the  candy. 
"Well,  since  it's  so  easy,  I'm  going  to  change  the  game  a 
little,  and  this  time  I'm  going  to  let  you  keep  the  candy 
when  you  find  it.  I'll  show  you  what  we're  going  to  do. 
We're  going  to  do  two  things.  First  I'm  going  to  let  you 
put  these  (calipers)  on  the  sticks  (S  does  so).  Next  I'm 
going  to  do  something  to  these  sticks  (E  removes  the 
calipers  and  transforms  the  sticks).  Now,  if  you  put 
these  (calipers)  on  again  in  the  way  that  you  always  do, 
would  they  be  like  this,  or  like  this,  or  like  this 
(pointing  successively  to  the  model  fits).  Find  the 
candy. "  If  S  did  not  appear  to  quite  understand  what 
was  required  of  him,  another  example  was  gone  through. 

All  S  required  three  or  fewer  examples.  The  test  proper 
was  then  begun. 

After  the  first  24  items  of  the  test  had  been 
given,  S  was  informed  that  a  new  game  would  be  played 
that  was  a  little  bit  different.  The  change  had  to  be 
introduced  since  the  illusion  items,  which  were  always 
administered  after  the  first  24  items,  required  a  slightly 
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different  method  due  to  the  fact  that  two  rods  were 
involved  in  each  item  instead  of  only  one. 

E  placed  an  orange  and  a  black  rod  on  the  table 
and  said,  "Are  these  rods  the  same  length?  Put  them 
together  to  find  out."  Most  S  aligned  them  as  shown  in 
Figure  4a,  but  some  S  aligned  them  as  shown  in  Figure  4b, 
indicating  that  they  had  no  method  of  comparing  lengths, 
or  that  they  did  not  know  what  the  word  "length"  meant. 


(b) 


Figure  4.  Methods  of  aligning  rods  to  determine 
the  relation  between  their  lengths. 

All  S  finally  arrived  at  the  correct  aligning 
procedure  and  told  E  which  colour  stick  was  longer  or 
shorter  or  whether  they  were  the  same.  E  then  removed 
the  black  stick  and  asked  S  to  apply  the  calipers  to  the 
orange  stick.  The  calipers  always  fitted  the  orange  stick 
E  then  placed  both  sticks  in  an  illusion  card  and  asked, 
"If  you  put  these  (pointing  to  calipers)  on  this  black 
stick  (pointing)  would  it  look  like  this,  or  this,  or  this 
(pointing  successively  at  the  model  fits).  Find  the  candy 
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None  of  the  Ss  had  difficulty  in  understanding  the 
procedure . 

Organization  of  the  test  items  for  administration 

Items  1  to  24  were  grouped  into  four  groups  of 
six  items  each.  Each  group  contained  four  conservation 
items  and  two  non-conservation  items.  The  order  of  giving 
the  four  groups  was  randomized  so  that  there  would  be  no 
sequence  effects  between  the  groups.  However,  the  order 
within  each  group  remained  invariant. 

The  illusion  subtest  was  always  given  at  the  end 
and  was  followed  by  a  check  to  see  if  the  illusions  were 
really  "illusory"  by  asking  S  "Which  stick  looks  longer?" 

If  the  illusion  items  had  been  given  first  they  may  have 
induced  the  child  to  think  that  he  was  supposed  to  respond 
on  the  basis  of  perceptual  criteria  for  the  other  24  items. 
The  illusion  check  showed  that  every  child  perceived  the 
illusion  in  at  least  three  of  the  four  configurations. 

V .  THE  TEST 

As  mentioned  earlier,  the  investigator  could  not 
find  any  previous  attempt  at  testing  specifically  for  the 
child’s  understanding  of  transformations.  Consequently  a 
test  had  to  be  designed  specifically  for  this  study.  After 
many  changes,  the  final  draft  emerged  in  the  following 
format : 


I.  Conservation  items 
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A.  Subtest  I  —  Translations 

B.  Subtest  II  --  Rotations 

C„  Subtest  III  --  Illusions 

II.  Non-conservation  items 

A.  Subtest  IV  —  Non-conservation  transformations 

Each  subtest  consisted  of  eight  items.  Since  this 
study  is  exploratory  in  nature,  it  was  desired  to  include 
many  more  variables  in  the  test  than  just  the  four  dimen¬ 
sions  listed  above  as  subtests.  Consequently,  more  than 
one  variable  was  built  into  each  test  item  so  that  they 
could  be  classified  in  more  than  one  way.  Homogeneous 
measures  were  not  provided  for  each  variable  since  test 
length  would  have  become  prohibitive.  An  attempt  was 
made  to  design  the  items  so  that  irrelevant  dimensions 
would  tend  to  balance  or  cancel  out  whenever  the  items 
were  classified  in  a  given  way.  The  following  dimensions 
were  incorporated  into  the  test: 

'Transformation'  dimensions 

1 .  Translations 

2.  Rotations 

3.  Non-conservation  transformations 

4.  In-plane  transformations 

5.  Out-plane  transformations 
'State'  dimensions 

6.  Multiple  segment  lengths 

7.  Single  segment  lengths 

8 .  Relations  «>  =.  >)  between  the  rod  and  calipers 
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9.  Illusions 

10.  Materials  (wooden  rods,  plasticene  rods, 
cigarettes ) . 

A  copy  of  the  test  is  given  in  Appendix  A.  A  brief 
description  of  the  four  subtests  is  given  below. 

Trans  la t ions 

This  subtest  was  designed  to  measure  the  child's 
understanding  of  the  effect  of  translations  on  the  linear 
span  of  an  object.  The  test  consisted  of  the  application 
of  translations  to  single  and  multiple  segmented  lengths 
exhibited  by  wooden  rods.  The  translations  consisted  of 
sliding  the  rods  along  the  table,  lifting  them  vertically 
onto  another  plane,  and  so  forth  (see  Appendix  A) .  The 
translations  could  be  classified  into  two  types:  (l)  in¬ 
plane  translations,  and  (2)  out-plane  translations.  All 
items  conserved  length. 

Rotations 

This  subtest  was  designed  to  measure  the  child's 
understanding  of  the  effect  of  rotations  on  the  linear 
span  of  an  object.  The  test  consisted  of  the  application 
of  rotations  to  single  and  multiple  segmented  lengths 
exhibited  by  wooden  rods.  The  rotations  consisted  of 
right  angle  rotations,  acute  angle  rotations,  vertical 
rotations,  and  so  on.  As  with  the  translations,  the 
rotations  were  classified  as  (l)  in-plane  rotations,  and 
(2)  out-plane  rotations.  All  items  conserved  length. 
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Non-conservation  transformations 

This  subtest  was  designed  to  measure  the  child's 
understanding  of  the  effect  of  non-conserving  transfor¬ 
mations  on  the  linear  span  of  an  object.  The  transforma¬ 
tions  were  applied  to  wooden  rods,  plasticene  rods,  and 
cigarettes.  In  four  of  the  items,  .5  cm.  of  the  rod  was 
added  or  subtracted  (additive-subtractive  transformations). 
With  the  plasticene  items,  the  plasticene  rod  was  either 
rolled  under  the  palm  on  the  table  to  lengthen  it  slightly, 
or  else  one  end  of  the  rod  was  pounded  in  to  shorten  it 
slightly  (about  .5  cm.).  Two  of  the  wooden  rod  items 
consisted  of  multiple  segments  and  some  or  all  of  these 
were  replaced  by  other  segments,  some  of  which  were 
different  in  length.  The  cigarettes  and  single  segmented 
wooden  rods  served  as  the  material  for  the  additive-sub- 
tractive  transformations.  All  of  the  items  changed  the 
property  of  length. 

Illusions 

This  subtest  was  designed  to  measure  the  effect  of 
illusions  on  conservation.  It  was  included  primarily  for 
comparative  purposes.  The  technique  of  using  illusions 
places  no  emphasis  at  all  on  the  transformations  which 
carry  the  object  from  its  original  (natural)  state  into 
the  illusion  state  (i.e.  onto  the  illusion  card).  The 
illusion  cards  were  made  by  gluing  black  wooden  rods  onto 


sheets  of  white  cardboard. 
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The  illusions  used  were  variants  of  ( 1 )  the  Muller- 
Lyer  illusion,  (2)  the  Baldwin  illusion,  (3)  the  Opel 
inverted  T  illusion,  and  (4)  the  addition  of  two  perspec¬ 
tive  lines  which  touched  the  endpoints  of  one  of  the  rods 
but  not  of  the  other.  Figure  3  depicts  the  illusion  cards. 
Other  Measures 

Age,  sex,  and  intelligence  scores  were  secured  from 
the  school  files.  The  intelligence  score  was  taken  from 
the  Detroit  Advanced  First-Grade  Intelligence  Test  form  A 
which  is  given  to  kindergarten  children  at  the  end  of  the 
kindergarten  year.  Usually  the  Detroit  Beginners  Intel¬ 
ligence  Test  is  given  to  children  about  to  enter  grade 
one  but  this  procedure  is  not  followed  at  the  schools  at 
Griesbach.  Five  pupils  in  the  sample  did  not  have  an 
intelligence  score  in  their  cumulative  record,  and  there¬ 
fore  they  will  be  excluded  from  any  analysis  involving 
intelligence  scores. 

Reliability 

The  Kuder-Richardson  general  method  was  used  to 
calculate  reliability  coefficients  for  each  of  the  sub¬ 
tests  (see  Ebel,  19^5,  p.  328).  The  results  are  reported 
in  Table  II.  In  interpreting  the  reliability  coefficients 
in  Table  II  it  should  be  kept  in  mind  that:  (l)  each  sub¬ 
test  only  had  eight  items,  and  (2)  the  Kuder-Richardson 
formula  essentially  gives  a  measure  of  internal  consistency 
or  homogeneity,  and  the  items  in  the  test  were  purposely 
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(1) 


(2) 


(3) 


(h 


Figure  5*  The  illusion  forms. 
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TABLE  II 

RELIABILITY*  COEFFICIENTS  OF  SUBTESTS 


Sub test 

No.  of  items 

Rel.  coef. 

Translations 

8 

.  852 

Rotations 

8 

.844 

Non- conservation 

8 

.559 

Illusions 

8 

.596 

If 

« 

*  Based  on  Kuder-Richardson  general  formula. 
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designed  to  measure  more  than  one  dimension. 

VI.  SCORING  PROCEDURES 

Each  item  was  scored  one  or  zero  according  to 
whether  S  gave  the  correct  response  (found  the  candy)  or 
not.  It  was  assumed  that  the  present  state  of  knowledge 
about  conservation  does  not  permit  a  much  finer  scaling 
of  responses  than  the  categorical  procedure  of  assigning 
ones  and  zeros. 

VII.  CONTROLS  BUILT  INTO  THE  TESTING  PROGRAM 

It  is  a  very  risky  inference  to  assume  that  the 
giving  of  correct  responses  in  a  concrete  multiple  choice 
context  necessarily  implies  that  the  child  giving  the 
correct  response  possesses  the  understanding  the  experi¬ 
menter  believes  being  tested  by  the  item  (Ausubel  and  Schiff, 
1954).  There  are  many  other  cues  operative  in  the  context 
of  any  testing  situation,  and  although  these  cues  may  be 
intrinsically  irrelevant  to  the  concept  being  tested  for, 
they  may  enable  the  testee  to  give  an  "invalid"  correct 
response.  In  addition  to  the  problem  of  minimizing  the 
frequency  of  "invalid"  correct  responses,  there  is  the 
concomitant  problem  of  maximizing  the  frequency  of  valid 
correct  responses  if  S  possesses  the  required  understanding. 


The  testing  program  used  in  this  study  employed  the 
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following  techniques  in  an  attempt  to  minimize  the  two 
kinds  of  error  (based  on  Smedslund's  discussion,  1963b). 

No  Understanding  of  Instructions 

The  object  of  the  whole  training  session,  the 
calipers,  and  the  response  apparatus  was  to  eliminate 
the  misunderstanding  of  instructions.  This  study  attempted 
to  control  misunderstanding  by  minimizing  the  cruciality 
of  verbal  communication. 

Failure  to  Perceive  the  Initial  Comparison 

The  use  of  the  calipers,  and  the  fact  that  S  was 
trained  to  make  the  required  three  distinctions  between 
the  rod  and  the  calipers,  minimized  this  error.  Moreover, 
since  S  was  the  one  who  always  applied  the  calipers,  his 
active  involvement  in  manipulating  the  rod  into  the 
calipers  would  heighten  the  probability  that  he  perceived 
how  the  rod  fit. 

Forge 1 1 ing 

For  this  study,  it  was  crucial  that  S  remembered 
how  the  rod  fit  before  the  transformation  was  applied.  To 
minimize  the  role  of  forgetting,  anytime  that  S  appeared 
to  forget  the  initial  fit  E  said,  "Did  you  forget  how  it 
fit  before?  It  looked  like  this  one.  You  saw  what  I  did 
to  the  sticks.  Which  one  do  you  think  it's  going  to  be 
now?  Find  the  candy."  Moreover,  S  was  informed  that 
whenever  he  forgot,  he  should  ask  E  and  E  would  gladly 


tell  him. 
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Furthermore,  in  order  to  prevent  S  from  forgetting 
that  the  rods  must  be  placed  in  a  compact  straight  line 
when  he  is  imagining  how  the  calipers  will  refit,  each  new 
item  was  started  by  placing  the  rods  in  front  of  S  in  a 
variety  of  arrangements  requiring  S  to  utilize  the  training 
received  in  the  training  session  on  how  to  correctly  use 
the  calipers . 

For  every  illusion  item,  S  was  reminded  of:  (l)  how 
the  sticks  compared  lengthwise,  and  (2)  how  the  orange 
stick  fit  the  calipers. 

Guessing 

In  a  multiple  choice  context,  guessing  plays  a 
crucial  role.  The  following  precautions  were  taken: 

1 .  Each  one  of  the  three  doors  led  to  the  candy 

reward  an  equal  number  of  times  (as  equal  as  thirty-two 
responses  could  be  divided  in  three:  11,  11,  10). 

2.  S  was  told  that  if  he  used  his  head  and  watched 
what  E  did  to  the  rods,  he  could  find  the  candy  every 
time  . 

Perceptual  Estimation 

1 .  At  no  time  when  S  had  to  predict  the  refit  of  the 
calipers  were  the  calipers  left  in  a  parallel  position 
alongside  the  object.  Usually  E  held  them  partially 
concealed  in  his  hand. 

2.  Evidently  the  illusion  items  minimized  the  role 
of  visual  perception  in  leading  to  correct  responses. 
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Other  Controls 

Twenty-four  of  the  thirty-two  items  were  conser¬ 
vation  items  whereas  only  eight  were  non-conservation 
items.  To  guard  against  the  fact  that  S  might  indis¬ 
criminately  respond  to  each  item  with  the  postulate  of 
"no  change"  and  hence  get  75  per  cent  of  the  items  correct, 
the  non-conservation  items  were  spread  throughout  the 
conservation  items  to  minimize  such  a  response.  As  the 
raw  data  in  Appendix  D  show,  only  one  S  (S  #11 )  might 
have  attempted  the  strategy  of  no  change. 

VIII.  THE  PILOT  STUDY 

A  pilot  study  using  ten  children  who  did  not  form 
part  of  the  sample  was  carried  out  early  in  June  1966  so 
as  to  ascertain  the  following: 

1 .  The  effectiveness  and  efficiency  of  the  training 
session  for : 

a)  teaching  S  how  to  use  the  calipers. 

b)  teaching  S  how  to  use  the  response  apparatus. 

c)  communicating  to  S  what  was  required  of  him. 

2.  The  ability  of  the  Ss  in  differentiating  the  fits 
into  three  kinds:  shorter  than,  equal  to,  and  longer 
than . 

3.  The  effectiveness  of  the  illusion  forms  in  inducing 
illusions . 

4.  The  effect  of  candy  rewards  on  performance. 
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5*  The  length  of  the  test, 

6 .  Ss  reaction  to  the  testing  program  as  a  whole. 

On  the  basis  of  this  preliminary  investigation,  the 
final  modifications  in  the  training  session,  response 
apparatus,  procedure,  and  test  items  were  made. 

IX.  THE  ANALYSIS  TO  BE  USED 

Two  major  forms  of  analysis  will  be  used  corres¬ 
ponding  to  the  two  hypotheses  of  this  study.  To  answer 
hypothesis  I,  a  factor  analysis  will  be  conducted  on  the 
test  to  ascertain  whether  it  is  feasible  to  think  that  the 
underlying  dimensions  relating  to  conservation  of  length 
are  dimensions  defined  by  transformations.  To  answer 
hypothesis  II,  an  age  profile  will  be  drawn  up  to  ascertain 
the  threshold  age  at  which  50$>  of  the  subjects  of  that  age 
give  conservation  responses.  Furthermore,  a  difficulty 
analysis  and  a  correlational  analysis  will  be  done  to 
furnish  an  overall  view  of  how  the  subjects  performed  on 
the  test.  To  facilitate  these  analyses,  the  items  will  be 
classified  into  various  groups  or  dimensions  and  the 
difficulty  and  correlational  analyses  carried  out  in  terms 
of  these  dimensions.  The  variables  age,  sex,  IQ,  and 
grade  level  will  be  incorporated  into  the  correlation 
analysis.  No  attempt  will  be  made  to  give  an  exhaustive 
difficulty  or  correlational  analysis.  These  two  analyses 
are  included  in  the  study  for  the  sole  purpose  of  giving 
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a  general  description  of  the  test  data. 

Factor  Analysis 

Factor  analysis  begins  with  a  set  of  variables  on 
which  measures  are  obtained  from  a  given  sample.  The 
intercorrelations  of  these  variables  are  then  obtained  and 
the  method  of  factor  analysis  determines  whether  the 
variations  represented  can  be  adequately  accounted  for  by 
a  number  of  dimensions  or  basic  categories  smaller  than 
the  number  of  variables.  Thus  a  conceptual  parsimony  is 
achieved  since  the  basic  dimensions  extracted  by  factor 
analysis  serve  as  a  frame  of  reference  for  the  common 
domain  defined  by  the  variables.  The  factors  extracted 
can  be  identified  by  noting  which  variables  fall  on  the 
dimension  and  inferring  what  these  variables  have  in 
common  which  is  not  shared  with  variables  not  falling  on 
the  dimension.  This  procedure  can  most  effectively  be 
done  by  rotating  the  frame  of  reference  until  it  exhibits 
an  approximation  to  Thurstone's  (  19^-7)  simple  structure. 
Otherwise  the  interpretation  of  factors  becomes  difficult. 

If  the  factors  can  be  identified,  then  several  basic 
sources  of  variation  are  determined  and  together  these 
sources  serve  to  explain  or  account  for  the  common  variation 
among  the  variables. 

Factor  analysis  is  a  tool  for  giving  a  rough  survey 
of  the  territory  being  investigated.  It  is,  therefore,  an 
appropriate  technique  to  use  when  a  domain  is  first  opened 
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to  investigation  (Royce,  1950).  Since  to  the  investigator's 
knowledge  the  role  of  transformations  in  conservation  has 
not  been  directly  investigated,  factor  analysis  was  deemed 
an  appropriate  technique  to  use  in  this  exploratory  study. 

The  factor  analysis  was  carried  out  using  the 
programs  supplied  by  the  Research  Division  of  the  Faculty 
of  Education,  and  the  IBM  7040  computer  of  the  Department 
of  Computing  Science  at  the  University  of  Alberta. 


CHAPTER  IV 


RESULTS  OF  THE  DATA  ANALYSIS 

The  results  of  the  study  are  presented  in  the 
following  way.  First  an  overall  view  of  the  test  data 
is  given  by  presenting  the  results  of  the  difficulty 
analysis  and  the  correlational  analysis.  Secondly  an 
analysis  of  age  trends  is  reported  to  indicate  the  age 
at  which  50 %  of  the  subjects  gave  evidence  of  having 
acquired  conservation  of  length.  Finally  the  results 
of  the  factor  analysis  are  presented. 

I.  DIFFICULTY  ANALYSIS 

Difficulty  coefficients  were  calculated  for  each 
item  by  dividing  the  total  number  of  correct  responses  by 
the  total  number  of  responses  given  on  the  item.  The 
difficulty  coefficient,  therefore,  gives  the  proportion  of 
correct  responses  to  each  item.  These  are  reported  in 
Table  III  as  percentages . 

In  order  to  determine  the  number  of  correct 
responses  beyond  the  number  obtainable  by  chance,  the 
binomial  probability  distribution  was  used.  Assuming  that 
no  other  factors  besides  the  ability  to  conserve  assisted 
the  subjects  in  giving  correct  responses,  then  since  a 
three-way  response  apparatus  was  used,  the  probability  of 
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TABLE  III 


ITEM  DIFFICULTY  EXPRESSED  AS  THE  PER  CENT  OF 
SUBJECTS  GIVING  THE  CORRECT  RESPONSE 

(N  =  6 2) 


Item  Number 

Number  Successful 

<jo  Successful 

1 

52 

84 

2 

51 

82 

3 

45 

73 

4 

46 

74 

5 

54 

87 

6 

57 

92 

7 

46 

74 

8 

50 

81 

9 

52 

84 

1  0 

53 

85 

1 1 

52 

84 

1  2 

54 

87 

13 

48 

77 

1  4 

54 

87 

15 

49 

79 

1  6 

51 

82 

17 

54 

87 

18 

51 

82 

19 

44 

71 

20 

39 

63 

21 

57 

92 

22 

53 

85 

23 

6o 

97 

24 

54 

87 

25 

22* 

35 

26 

4l 

66 

27 

39 

63 

28 

4o 

65 

29 

25* 

40 

30 

45 

73 

31 

34 

55 

32 

35 

56 

*  Not  significantly  better  than  chance. 
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a  correct  response  based  on  non-conservation  is  Y 3.  With 
e  =  73,  and  N  =  62,  the  binomial  probability  of  any  item 
obtaining  more  than  30  correct  responses  is  less  than  .01. 
Table  III  reveals  that  all  the  items  except  items  25  and 
29  have  more  than  30  correct  responses.  These  two  items 
are  illusion  items.  All  the  other  items  received  a  signi¬ 
ficantly  higher  number  of  conservation  responses  than 
non-conservation  responses.  The  general  impression  is 
that  most  of  the  children  in  the  sample  did  well  on  the 
test. 

In  order  to  facilitate  the  difficulty  analysis, 
the  test  items  were  subdivided  into  l4  subgroups  or 
dimensions  some  of  which  overlapped.  These  l4  dimensions 
were  then  grouped  into  5  classifications,  each  classifica¬ 
tion  consisting  of  non-overlapping  dimensions  useful  for 
comparison  purposes.  Table  IV  gives  the  5  classifications 
listing  the  dimensions  under  each  classification  and  the 
items  under  each  dimension.  Classification  I  encompassed 
all  of  the  items,  but  the  other  classifications  were  based 
on  only  some  of  the  items.  This  restriction  had  to  be 
placed  on  Classifications  II  through  V  since  the  dimensions 
used  in  these  classifications  were  not  defined  over  all  of 
the  items.  Furthermore,  some  items  were  excluded  because 
they  measured  variables  irrelevant  to  the  given  classifi¬ 
cation,  and  could  therefore  only  confound  the  interpre¬ 
tations  of  the  dimensions. 
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Table  V  gives  the  difficulty  of  each  dimension,  and 
shows  that  with  the  exception  of  the  Illusion  dimension, 
there  is  very  little  difference  between  or  among  the 
dimensions  within  a  given  classification.  It  should  be 
noted  that  Classifications  II,  III,  and  V  are  simply 
different  ways  of  classifying  the  first  1 6  items,  and 
therefore  it  is  not  legitimate  to  compare  a  dimension  in 
one  classification  with  a  dimension  from  another  classifi¬ 
cation.  Table  V  further  indicates  that: 

1 .  The  in-plane  and  out-plane  items  were  of  almost 
equal  difficulty. 

2.  The  multiple  segment  items  were  slightly  more 
difficult  than  the  single  segment  items  but  not 
significantly  so. 

3.  There  appear  to  be  only  slight  differences  in  the 
difficulty  of  the  items  using  different  materials 
(wood,  plasticene,  and  cigarettes). 

4.  There  appear  to  be  slight  differences  in  the 
difficulty  of  the  items  involving  different  relations 
between  the  length  of  the  rod  and  the  span  of  the 
calipers.  The  items  were  classified  as  follows: 

(l)  less  than  (<)  if  the  rod  was  shorter  than  the 
calipers,  (2)  equal  to  (=)  if  the  rod  fit  the  calipers, 
and  (3)  greater  than  ( >)  if  the  rod  was  longer  than  the 
span  of  the  calipers . 

5.  The  only  significant  difference  in  difficulty  in 
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the  table  is  the  Illusion  items  which  were  signifi¬ 
cantly  more  difficult  at  the  .01  level  than  the  other 
dimensions  in  Classification  I. 

Figure  6  gives  a  summary  graphic  representation  of 
the  difficulties  of  the  dimensions  along  with  an  indication 
of  the  variability  within  each  dimension.  There  appears 
to  be  considerably  more  spread  in  the  Illusion  items  and 
Non-conservation  items  than  in  the  Translation  items  or 
Rotation  items. 

In  summary  of  the  difficulty  analysis,  the  main 
indication  seems  to  be  that  there  is  very  little  difference 
between  the  dimensions  within  a  given  classification  with 
the  exception  of  the  Illusion  dimension.  However,  the 
difficulty  coefficient  is  defined  with  respect  to  the 
sample  as  a  whole,  and  therefore  does  not  represent 
differences  between  individuals.  In  order  to  ascertain 
whether  the  dimensions  within  a  classification  were  as 
closely  related  as  the  difficulty  coefficients  suggest,  a 
correlational  analysis  was  carried  out,  and  the  results 
are  reported  in  the  following  section. 

II.  CORRELATIONAL  ANALYSIS 

Pearson  product  moment  correlation  coefficients 
were  calculated  between  the  dimensions  within  a  given 
classification  in  order  to  assess  their  inter-relations. 

In  addition,  correlation  coefficients  were  calculated  to 
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assess  the  relation  of  age,  sex,  IQ,  and  grade  level  to 
performance  on  the  test.  The  coefficients  are  presented 
in  Tables  VI  through  XI. 

Table  Via  reveals  that  age  but  not  grade  level, 
sex  or  IQ  correlated  significantly  with  performance  on 
the  total  test.  When  the  test  was  classified  into  dimen¬ 
sions  (Table  VIb),  both  age  and  grade  level  correlated 
significantly  with  some  of  the  dimensions  but  IQ  did  not. 
For  analytic  purposes,  the  Illusion  dimension  was  sub¬ 
divided  into  two  classes  of  four  items  each;  (l)  those  in 
which  the  rods  were  equal  in  length  and  the  illusion 
tended  to  make  one  rod  look  longer  than  the  other  (denoted 
as  l(=)),  and  (2)  those  in  which  one  rod  was  shorter  than 
the  other  and  the  illusion  attempted  to  make  the  shorter 
one  look  as  long  (denoted  l(^)).  Table  VII  reports  the 
intercorrelations  of  the  dimensions  in  Classification  I 
of  Table  IV,  and  some  interesting  relationships  in  which 
l(=)  and  i(^)  figure  prominently  are  revealed.  First,  the 
very  high  correlation  (.807)  between  Translations  and 
Rotations  indicates  that  these  two  dimensions  have  much 
in  common.  It  appears  in  fact  that  these  two  subtests 
are  measuring  much  the  same  dimension.  However,  when  the 
intercorrelations  between  Translations,  Rotations,  Non- 
conservation  transformations,  and  Illusions  are  considered, 
an  interesting  configuration  emerges.  Both  T  and  N  cor¬ 
relate  significantly  with  I,  but  when  the  I  items  are 
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TABLE  Via 

CORRELATIONS  OF  PERFORMANCE  ON  THE  TEST  WITH 

GRADE,  SEX,  IQ,  AND  AGE 


V  ar i ab 1 e 

Correlations  with  test 
performance 

Grade  ...... 

.  205 

Sex  ...... 

-.101 

• 

e 

O 

H 

.073 

Age . . 

.  292* 

*  Significant  at 

the  .05  level. 
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subdivided  into  l(=)  and  i(^)  items,  it  turns  out  that  T 
correlates  significantly  with  I ( = )  but  hardly  with  i(^), 
whereas  N  correlates  significantly  with  i(^)  but  hardly 
with  l(=);  and  since  T  and  N  are  correlated  very  lowly, 
the  pattern  of  common  overlap  may  be  represented  as  in 
Figure  7°  A  possible  explanation  of  the  relationships 
indicated  in  Figure  7  may  be  as  follows.  N  transforma¬ 
tions  change  the  length  of  the  rods  so  that  the  relation¬ 
ship  between  the  rods  before  and  after  the  transformation 
is  always  one  of  inequality ,  whereas  the  T  and  R  trans¬ 
formations  do  no t  change  the  length  and  so  the  relation¬ 
ship  between  the  rods  before  and  after  is  always  one  of 
equality .  The  l(=)  items  deal  with  rods  of  equal  length 
whereas  the  i(^)  items  deal  with  rods  of  unequal  length. 
Therefore,  the  N  and  i(^)  items  require  the  child  to 
reason  in  terms  of  inequalities  whereas  the  T  and  l(=) 
items  require  him  to  reason  in  terms  of  equalities . 

Tables  VIII,  IX,  and  XI  show  that  (l)  in-plane  and 
out-plane  transformations  are  highly  int ercorre la t ed 
(.904),  (2)  multiple  and  single  segmented  lengths  are 

highly  intercorrelated  (.634),  and  (3)  the  relations  <  ,  =, 
and  >  are  highly  intercorrelated  (.624  to  .728).  However, 
in  thinking  about  how  much  one  variable  can  be  predicted 
knowing  the  scores  on  another,  the  variance  interpretation 
using  the  square  of  the  correlation  coefficient  is  more 
appropriate.  If  the  coefficients  in  Tables  VIII,  IX,  and 
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Figure  7*  A  possible  interpretation  of  the  significant 
intercorrelations  listed  in  Table  VII. 


TABLE  VIII 


INTERCORRELATIONS  BETWEEN  THE  DIMENSIONS: 

( 1 )  IN-PLANE  TRANSFORMATIONS 

(2)  OUT-PLANE  TRANSFORMATIONS 


Dimens i on 

(1) 

(2) 

(1  ) 

In-plane 

1 . 000 

.  904** 

(2) 

Out-plane 

1  .  000 

** 

Significant  at 

the  .01 

leve 1 . 

TABLE  IX 

INTERCORRELATIONS  BETWEEN  THE  DIMENSIONS: 

( 1 )  MULTIPLE  SEGMENTED  LENGTHS 

(2)  SINGLE  SEGMENTED  LENGTHS 

Dimension 

0) 

(2) 

( 1 )  Multiple 

(2)  Single 

1 . 000 

. 634** 

1 . 000 

*  *  Si gn i f i c  an  t 

at  th  e  .01 

level . 
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TABLE  X 

INTERCORRELATIONS  BETWEEN  MEASURES  INVOLVING: 


(l)  WOOD, 

(2) 

PLASTICENE , 

(3)  CIGARETTES 

Dimension 

(1) 

(2) 

(3) 

( 1 )  Wood 

1 . 000 

.087 

-  .  001 

(2)  Plasticene 

1  0  000 

.  202 

(3)  Cigarettes 

1  .000 

*  *  Si gn i f i c  an  t 

at 

the  .01  level. 

TABLE 

XI 

INTERCORRELATIONS  BETWEEN  THE  DIMENSIONS: 

(l)  LESS  THAN,  (2)  EQUAL  TO, 

( 3 )  MORE  THAN 

Dimension 

(1) 

(2) 

(3) 

( 1 )  Less  than 

( 2 )  Equal  to 

(3)  More  than 

1  .  000 

. 625** 

1 . 000 

. 6 24** 

. 728** 

1 . 000 

*  *  Si gn i f i c  an  t 

at  the  .01 

level . 
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XI  are  squared  they  would  indicate  that  about  half  of  the 
variability  of  one  dimension  is  accounted  for  knowing  the 
scores  on  the  other  dimension  as  concerns  ( 1 )  multiple 
segments  and  single  segments,  and  (2)  the  relations  , 

=  ,  and  ,  but  that  over  80%  of  the  variance  of  one 
dimension  is  accounted  for  knowing  the  scores  on  the  other 
as  concerns  the  in-plane  out-plane  dimensions. 

Table  X  indicates  that,  even  though  the  items 
involving  different  materials  (wood,  plasticene,  cigar¬ 
ettes),  were  about  the  same  in  difficulty,  they  correlate 
very  lowly.  The  explanation  might  be  that  any  given  child 
has  differential  experiences  with  the  materials,  some 
having  more  experiences  with  cigarettes  and  less  with 
plasticene  while  others  have  more  with  wooden  rods  but 
less  with  cigarettes,  and  so  forth  (accounting  for  the  low 
intercorrelations),  but  taken  as  a  whole  these  differential 
experiences  average  out  over  the  total  sample  thus  giving 
rise  to  common  levels  of  difficulty  with  each  material. 

With  respect  to  the  question  of  the  relative 
importance  of  states  as  opposed  to  transformations,  the 
above  analysis  can  be  summarized  as  follows : 

1.  The  high  correlation  between  Translations  and 
Rotations,  and  the  very  low  correlations  between 
Translations  and  Rotations  on  one  hand  and  Non¬ 
conservation  transformations  on  the  other  indicates 


that  if  the  Translations  and  Rotations  are  grouped 


• ;  : 
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together  and  called  "Conservation  transformations", 
then  the  important  transformation  variable  emerging 
from  the  above  analyses  is  the  dichotomy  consisting 
of  (l)  Conservation  transformations,  and  (2)  Non¬ 
conservation  transformations. 

2.  The  s tat e  variables  appear  to  be  the  following: 

(l)  type  of  material,  and  (2)  involvement  or  non¬ 
involvement  of  illusions.  Of  secondary  importance 
would  be  the  classifications  (l)  multiple  and  single 
segments,  and  (2)  the  relations  < ,  =,  and  >►  . 

III.  ANALYSIS  OF  AGE  TRENDS 

In  order  to  ascertain  the  age  interval  in  which  at 
least  50%  of  the  subjects  in  that  age  interval  possessed 
the  conservation  of  length,  an  age  profile  was  drawn  up 
and  is  presented  in  Table  XII. 

Three  different  criteria,  denoted  I,  II,  III 
respectively,  were  used  to  classify  the  children  as  con- 
servers  or  not:  (i)  the  Translations  and  Non-conservation 
transformations  subtests,  (il)  the  Rotations  and  Non¬ 
conservation  transformations  subtests,  and  (ill)  the 
Illusions  and  Non-conservation  transformations  subtest. 

In  each  case,  the  child  had  to  achieve  at  least  11  correct 
responses  out  of  l6  tries  before  he  was  classified  as  a 
conserver  (significantly  better  than  chance  at  the  .01 
level).  For  each  criterion,  Table  XII  gives  the  number 
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of  subjects  who  conserved  in  each  age  group,  and  converts 
the  proportion  of  conservers  into  a  percentage.  The  table 
indicates  that  the  threshold  age  at  which  50%  of  the 
children  showed  evidence  of  having  acquired  conservation 
of  length  is  between  5-^  and  6-2  on  the  basis  of  criterion 
I  or  criterion  II,  but  between  6-3  and  7-1  when  the 
criterion  is  III.  It  should  be  noted  that  if  younger 
children  had  been  included  in  the  sample,  the  threshold 
age  levels  for  criterion  I  or  II  may  have  been  somewhat 
lower  than  5~^  to  6-2. 

IV.  FACTOR  ANALYSIS 


Introduction 

The  purpose  of  factor  analyzing  the  test  was  to 
ascertain  whether  the  factors  accounting  for  the  common 
variance  of  the  test  were  defined  by  transformation 
dimensions  or  not. 

Since  the  Principal  Axis  method  of  factoring  used 
in  this  study  extracts  factors  in  order  of  the  amount  of 
variance  accounted  for,  it  was  assumed  that  any  variable 
crucial  to  performance  on  the  test  would  contribute  to  the 
definition  of  one  of  the  first  few  factors.  Accordingly 
five  factors  were  extracted,  and  interpreted. 

In  order  to  facilitate  the  interpretation  of  the 
factors,  the  factor  matrix  was  rotated  to  approximate  a 
"simple  structure"  using  the  Equamax  criterion  programmed 


0***1,  RJ  3£  [  .  XO  v  ''l 
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for  the  IBM  7040.  Table  XIV  presents  the  transformation 
which  links  the  unrotated  matrix  to  the  rotated  matrix. 

Table  XIII  presents  the  rotated  matrix  of  factor 
loadings.  Each  test  item  i  can  be  approximated  by  a 
linear  combination  of  the  factors  j  as  follows : 


5 

I .  =  ZZ  a .  .F  . 
1  j=1  1J  3 


where : 


and 


I.  is  the  ith  test  item, 

l 

a.  .  is  the  loading  of  the  ith  item  on  the  jth 
J 

factor , 

F.  is  the  jth  factor. 

J 


Thus,  for  example,  using  the  factor  loadings  given  in 
Table  XIII,  the  12th  item  in  the  test  can  be  approximated 
as  follows : 


i12  =  •8o4f1  +  .075F2  -  .o47F3  +  . i64f^  -  . 107F5> 


booking  at  the  coefficients  of  the  factors  in  this 
expression  (i.e.  at  the  factor  "loading"),  and  realizing 
that  these  coefficients  express  the  correlations  between 
the  test  item  and  the  respective  factors  (the  factors  are 
orthogonal) ,  it  is  evident  that  factor  I  measures  some¬ 
thing  in  common  with  item  12,  but  that  the  other  four 
factors  do  not  measure  much  in  common  with  item  12.  Hence, 
it  is  inferred  that  item  12  contributes  to  the  identifi¬ 
cation  of  factor  I  because  it  "loads"  highly  on  factor  I. 

By  examining  the  pattern  of  the  coefficients  it  is  possible 
to  give  an  interpretation  to  each  factor.  The  rest  of  this 


. 


i 
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TABLE  XIII 

ROTATED  FACTOR  MATRIX 


Te  s  t 

Factor 

Commu- 

item 

I 

II  III 

IV 

V 

nali ty 

1 

•  390 

.417 

.191 

-.124 

.  271 

.  451 

2 

.363 

.738 

-  .  034 

- .  098 

.177 

.719 

3 

.  698 

.468 

.  234 

-.044 

.  1 69 

.791 

4 

.646 

.  540 

.218 

.  069 

.  1 06 

.776 

5 

.  04l 

.  643 

.297 

.  243 

-  .085 

.557 

6 

- .  O83 

.  808 

.  030 

.  1  54 

-  .  088 

.  691 

7 

.  462 

•  398 

.325 

.  1  25 

-  .  270 

.  566 

8 

.  642 

.071 

.  06l 

.  052 

.053 

.  427 

9 

.512 

.638 

-.012 

-.013 

-.070 

.675 

1 0 

.  561 

.461 

.  062 

-.170 

.  250 

.  623 

1 1 

•  591 

.  232 

- .  044 

-.118 

.317 

.519 

1  2 

.804 

.075 

-.047 

.164 

-.107 

.  692 

13 

.595 

-.053 

.  452 

-.035 

.  1  02 

•  572 

1  4 

.  139 

.714 

.  1 00 

-.125 

-  .031 

.556 

15 

.735 

.  4oo 

.118 

.064 

-.101 

.  728 

1  6 

.  671 

.  194 

-.036 

- .  008 

-.083 

.  496 

17 

- .  296 

.  1  o4 

.212 

.  225 

.483 

.  427 

18 

-  .087 

.  005 

.  024 

.339 

.197 

.  1  62 

19 

-.017 

.  1  30 

.  1  40 

.611 

.  071 

.415 

20 

.  207 

.  1  82 

-.186 

.307 

.414 

.377 

21 

-.059 

-.030 

-.125 

.  190 

.759 

.  632 

22 

.  1  00 

-  0 1 30 

-.331 

.388 

-.130 

.  304 

23 

.  027 

-  .  221 

.164 

.309 

.352 

.  296 

24 

.  1  00 

-  .  082 

.  294 

- .  072 

.675 

.  564 

25 

- .  054 

.073 

.705 

.  147 

-  .003 

.527 

26 

.233 

-.138 

.551 

-.124 

•  351 

.515 

27 

-.035 

.114 

•  752 

-  .  001 

.  186 

.  61  4 

28 

.  1  42 

.  1  80 

.730 

- .  034 

- .  088 

.594 

29 

- .  006 

-.065 

.  262 

.494 

-  .01  5 

.318 

30 

.212 

.  222 

-.142 

.  402 

.111 

.  289 

31 

.078 

-.042 

- .  065 

.755 

.068 

.587 

32 

-.059 

-.011 

-.131 

.659 

.111 

.467 

Variance 

accounted 

5.055 

4.095 

2.923 

2.596 

2.259 

1 6 .927 

for 

'jo  of  Common 
Variance 


29 . 86 


24.19 


17.27  15.34  13.34 


100.00 


►or  . 

Vc  D . 

A  . 

TABLE  XIV 

TRANSFORMATION  MATRIX 


-.735  -.613  -.268  -.032  -.108 
-.182  -.136  .503  -593  .587 
-.129  -.122  .706  -.686  .019 
-.550  .624  .236  .222  -.452 
-.329  .449  -.349  -.359  .663 


Note:  If  T  is  the  transformation 

matrix  and  if  U  is  the  unrotated 
matrix  and  R  the  rotated  matrix, 
then  UT  =  R. 
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chapter  is  concerned  with  the  task  of  interpreting  the 
factors . 

Interpretation  of  the  factors 

For  the  purposes  of  facilitating  the  identification 
of  the  factors,  Table  XV  was  drawn  up  denoting  the  major 
configurations  in  the  factor  pattern.  The  table  is  based 
on  factor  coefficients  which  are  at  least  as  high  as  .350* 
and  loadings  between  .350  and  .499  are  designated  with  an 
"m"  for  "medium"  factor  loading,  and  loadings  between 
.500  and  1 .000  are  designated  with  an  "H"  for  "high" 
factor  loading. 

Items  1  to  16  load  on  factors  I  and  II  while  items 
17  to  32  load  on  factors  III,  IV,  and  V.  The  column  headed 
by  "Relevant  Dimension"  aids  in  the  interpretation  of  the 
factors.  Factor  V  is  essentially  a  Non-conservation 
transformation  factor.  Factor  IV  is  essentially  an  i(^) 
factor.  Factor  III  is  essentially  an  l(=)  factor.  But 
Factors  I  and  II  are  not  so  "apparent".  It  is  perhaps 
evident  that  Factors  I  and  II  are  not  defined  by  any 
single  dimension  built  into  the  test.  However,  in  using 
the  dimensions  single  and  multiple  segments,  and  the 
dimensions  <  ,  =?  >  ,  some  identity  can  be  given  to 

Factors  I  and  II.  The  primary  dimensions  seem  to  be 
single  and  multiple  segments,  with  Factor  I  being  a  mul¬ 
tiple  segment  factor,  and  Factor  II  being  a  single  segment 
factor.  However,  this  dichotomy  is  modified  by  the 
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TABLE  XV 

' SCHEMATIC '  FACTOR  MATRIX 


Test  Relevant 
item  Dimensions 


Factor 


Test 

item 


I 

II  III  IV 

V 

1 

S ingle , 

_ 

m  * 

m 

1 

2 

Single , 

= 

m 

H 

2 

3 

Multi , 

H 

m 

3 

4 

Multi , 

= 

H 

H 

4 

5 

S ingle , 

< 

H 

5 

6 

S ingle , 

< 

H 

6 

7 

Multi , 

> 

m 

m 

7 

8 

Multi , 

> 

H 

8 

9 

S ingle , 

H 

H 

9 

10 

S ingle , 

= 

H 

m 

1  0 

1 1 

Multi , 

< 

H 

1 1 

1  2 

Multi , 

< 

H 

1  2 

13 

Single , 

< 

H 

m 

13 

1  4 

Single , 

> 

H 

1  4 

15 

Mu 1 t i , 

> 

H 

m 

1  5 

16 

Multi , 

> 

H 

1  6 

17 

Non- c  on 

m 

17 

18 

Non-con 

1  8 

19 

Non- con 

H 

19 

20 

Non-con 

m 

20 

21 

Non-con 

H 

21 

22 

Non-con 

m 

22 

23 

Non-con 

m 

23 

24 

N  on- c  on 

H 

24 

25 

I(  =  ) 

H 

25 

26 

l(  =  ) 

H 

26 

27 

K  =  ) 

H 

27 

28 

I(  =  ) 

H 

28 

29 

AO 

m 

29 

30 

KO 

m 

30 

31 

KO 

H 

31 

32 

1(0 

H 

32 

*  "m" 

designates  a  1 

medium " 

factor  loading 

( .350  - 

.499 

"H" 

designate 

s  a  1 

high  " 

factor  loading 

i 

o 

o 

• 

1 . 000 

, 


«oo  xto 


-|§ 
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relations  <C  ,  =  ,  and  -3-  .  When  the  relation  is  ,  the 

items  tend  to  load  higher  on  Factor  I.  When  the  relation 
is  >  ,  the  items  tend  to  load  higher  on  Factor  II.  When 
the  relation  is  =  ,  the  items  tend  to  equalize  on  both 
factors.  These  remarks  on  the  interpretation  of  Factors  I 
and  II  can  be  verified  in  general  by  examining  Table  XV. 

The  identification  of  Factors  IV  and  V  as  i(^) 
and  Non-conservation  transformations  is  not  so  clear  cut 
as  these  two  labels  may  suggest.  The  fact  that  items  19 
and  22  load  on  both  Factors  IV  and  V  indicates  that  there 
is  something  common  to  both  factors,  but  this  is  not  too 
surprising  in  view  of  the  fact  that  the  correlational 
analysis  revealed  that  the  Non-conservation  items  corre¬ 
lated  significantly  with  the  i(^)  items.  In  addition,  the 
third  factor,  identified  as  l(=),  overlaps  slightly  with 
Factor  1.  This  too,  may  not  be  too  surprising  in  view  of 
the  correlations  between  Translations  and  Rotations  on  one 
hand,  and  l(=)  on  the  other.  A  possible  explanation  for 
these  relationships  is  given  in  the  correlational  analysis, 
but  a  more  precise  delineation  of  these  relations  awaits 
further  study  with  more  precise  instruments. 

Table  XVI  summarizes  the  interpretation  of  the 
factors . 

For  purposes  of  summary,  Factors  I  and  II  can  be 
grouped  together  and  denoted  "Conservation  transformations". 
Then  Factors  I,  II,  and  V  can  be  conceived  of  as  exhibiting 
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TABLE  XVI 


IDENTIFICATION  OF  THE  FACTORS 


Factor 

Identification 

I 

Identified 
(2)  <  ,  in 

by  (l)  multiple  segments,  and 
that  order. 

II 

Identified  by  (l)  single  segments,  and 
(2)  ,  in  that  order.  The  relation,  =, 

tends  to  equalize  the  loadings  of  items 

1  to  1 6  on  Factors  I  and  II. 

III 

Identified 

as  l( = ) . 

IV 

Identified 

as  l(?0- 

V 

Identified 

as  Non-conservation  transformations. 
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the  major  transformational  variable  in  the  test:  the 

classification  of  transformations  into  those  conserving 
length  and  those  not  conserving  length.  The  state  vari¬ 
ables  l(=)  and  i(^)  defining  Factors  III  and  IV  respec¬ 
tively  emerge  as  the  major  state  variables,  with  single 
and  multiple  segments,  and  ,  =,  and  emerging  as 

secondary  state  variables  defining  as  they  do  the 
distinction  between  Factors  I  and  II. 


CHAPTER  V 


SUMMARY,  CONCLUSIONS,  AND  IMPLICATIONS 

The  present  study  was  designed  to  explore  the  role 
of  transformations  in  the  acquisition  of  the  conservation 
of  length. 

It  was  suggested  that  the  child's  understanding  of 
the  actions  or  transformations  impinging  on  an  object 
would  be  crucial  to  his  ability  to  conserve.  Accordingly, 
it  was  thought  that  the  factors  present  in  a  test  of  length 
conservation  would  be  defined  by  transformational  dimen¬ 
sions  rather  than  variables  pertaining  to  state  properties 
of  the  objects. 

In  order  to  test  this  hypothesis,  a  special  test  of 
conservation  of  length  was  constructed  and  administered  to 
a  randomly  selected  sample  of  6 2  kindergarten  and  grade  one 
chi ldren . 

Moreover,  a  new  non-verbal  technique  involving 
calipers  was  used  to  communicate  the  response  criteria  to 
the  subjects.  In  addition,  a  three-way  response  apparatus 
which  enabled  the  subject  to  give  non-verbal  responses  was 
used  as  well.  It  was  therefore  hypothesized  that  such 
non-verbal  techniques  would  lower  the  age  at  which  children 
could  give  evidence  of  having  acquired  the  conservation  of 


length . 
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In  general,  the  hypothesis  concerning  the  primacy 
of  transformations  was  not  confirmed,  but  the  hypothesis 
concerning  the  lowering  of  the  age  of  conservation  was 
confirmed . 


I.  DISCUSSION  OF  THE  FINDINGS 

Hypothesis  I 

When  a  factor  analysis  is  performed  on  the  conserva¬ 
tion  test  used  in  this  study,  the  factors  will  be 
defined  in  terms  of  transformations. 

The  Principal  Axis  method  of  factoring  was  used 
to  extract  five  factors  to  account  for  the  common  variance, 
and  an  interpretation  of  these  factors  indicated  that  all 
factors  were  not  interpre table  in  terms  of  transformations 
alone . 

Factors  I  and  II  were  grouped  together  and  denoted 
as  "Conservation  transformation"  factors,  and  since 
Factor  V  was  identified  as  a  "Non-conservation  transfor¬ 
mation"  factor,  the  important  transformational  variable 
seemed  to  be  expressed  in  the  classification  of  transfor¬ 
mations  into  (l)  those  that  conserve  length,  and  (2)  those 
that  change  length. 

Some  "state"  variables  emerged  out  of  the  factor 
analysis.  The  primary  ones  were  (l)  Illusions  involving 
equality  between  the  rods  being  compared,  and  (2)  Illusions 
involving  inequality  between  the  rods  being  compared. 
Secondary  state  variables  appeared  to  be  (l)  multiple 
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and  single  segmented  lengths,  and  (2)  relations  of  , 

=,  or  >  between  the  rod  and  the  calipers. 

Since  some  factors  were  defined  in  terms  of  states 
and  others  in  terms  of  transformations,  the  inference  is 
that  state  variables  are  as  important  to  conservation  as 
are  transformational  variables.  Hypothesis  I  is  therefore 
not  accepted. 

Hypothesis  II 

The  threshold  age  at  which  fifty  per  cent  of  the 
subjects  of  that  age  conserve  length  will  be  less 
than  7  to  8. 

In  order  to  test  this  hypothesis,  an  age  profile 
with  respect  to  conservation  was  drawn  up  and  presented 
in  Table  XII.  Three  criteria  were  separately  used  to 
decide  whether  a  given  S  was  a  conserver,  and  since 
different  threshold  ages  emerged  for  criterion  III  as 
opposed  to  criteria  II  or  I,  a  decision  had  to  be  made 
with  respect  to  the  appropriateness  of  the  criterion 
before  a  decision  was  made  about  the  threshold  age. 

The  central  question  appeared  to  be  one  of  deciding 
exactly  when  a  "conserver"  is  a  conserver,  and  when  a 
"conserver"  is  a  non-conserver .  Related  to  this  question 
is  Halpern's  study  (1965)  ^-n  which  she  found  that  children 

who  consistently  passed  Piaget-type  conservation  of  weight 
and  transitivity  of  weight  items  could  be  enticed  into 
giving  non-logical  responses  by  the  presentation  of  con¬ 
trary  visual  cues.  She  concluded  that  children  who  had 
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not  long  been  on  the  journey  into  concrete  operations 
still  allow  perception  to  usurp  logic  when  the  perceptual 
cue  is  dominant  in  the  visual  field. 

Since  criterion  III  differed  from  criteria  I  and  II 
chiefly  in  that  illusion  items  were  involved  in  criterion 
III  whereas  illusion  items  were  not  involved  in  criteria  I 
or  II,  the  question  of  which  criterion  is  appropriate  was 
a  matter  of  deciding  the  appropriateness  of  the  involve¬ 
ment  or  non-involvement  of  illusions,  or  tantamount ly , 
whether  the  children  in  Halpern's  sample  possessed  transi¬ 
tivity  of  weight  or  not.  If  it  is  assumed  that  the  safe¬ 
guards  incorporated  into  the  experimental  design  of  the 
present  study  were  sufficient  to  inhibit  the  giving  of 
correct  responses  on  the  basis  of  visual  cues,  then  the 
Translations,  Rotations,  and  Non-conservation  transforma¬ 
tions  subtests  can  be  regarded  as  forming  a  genuine  test 
of  length  conservation  in  ordinary  daily  experiences ; 
whereas  the  illusion  items,  injecting  as  they  did  arti¬ 
ficially  contrived  stimuli  into  the  child's  view  of  reality, 
had  the  potency  to  make  the  child  unsure  of  his  reasoning. 
Such  unsureness  would  be  a  "natural"  response  for  someone 
just  beginning  to  build  operational  structures  out  of  his 
experiences . 

Accordingly,  from  a  practical  point  of  view,  a 
conserver  could  be  defined  differently  according  to  the 
environment  or  context  in  which  he  is  operating.  If  it 
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is  desired  to  diagnose  whether  a  child  is  a  conserver  of 
length  in  an  ordinary  classroom  environment,  then  criteria 
I  or  II  or  a  combination  of  the  two  would  probably  be 
sufficient.  If  it  is  desired  to  test  some  theoretical 
hypothesis  relating  to  the  primacy  of  logic  over  perception, 
then  deceptive  perceptual  cues  such  as  used  in  criterion  III 
would  probably  be  appropriate.  Since  the  present  study 
possesses  an  educational  orientation,  any  criterion  for 
conservation  should  be  chosen  with  an  educational  environ¬ 
ment  in  mind.  For  example,  if  a  test  of  length  conserva¬ 
tion  is  given  for  the  diagnostic  purpose  of  determining 
which  children  in  grade  one  require  training  on  conser¬ 
vation  of  length  before  formal  instruction  in  linear 
measurement  is  given,  then  a  combination  of  criteria  I 
and  II  would  be  sufficient  since  if  children  can  conserve 
multiple  and  single  segmented  lengths  under  changes  of 
position  (i.e.  under  rotations  and  translations),  then 
they  are  probably  ready  for  formal  instruction  in  linear 
measurement . 

Acceptance  of  criteria  I  or  II  as  appropriate  for 
the  present  study  indicated  that  hypothesis  II  was  verified. 
Hypothesis  II  would  be  accepted  also  under  criterion  III. 

II.  OTHER  FINDINGS 

1 .  The  difficulty  analysis  revealed  that  the  Illusion 
subtest  was  significantly  more  difficult  than  the  other 
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s  ub  tests . 

Apparently  the  Illusion  subtest  was  harder  simply 
because  of  the  contradictory  nature  of  the  visual  cues 
presented.  However,  there  exists  an  alternate  explanation 
based  on  the  involvement  of  transitivity  of  length  in  the 
administering  of  the  illusion  items.  Given  two  rods  A 
and  B  with,  for  example,  A  >  B,  then  the  child  had  to 
reason  as  follows:  A  B ,  and  A  =  C  (the  calipers); 
therefore  B  <  C.  Clearly  the  child  must  possess  the  logic 
of  the  transitivity  of  length.  On  examining  the  procedure 
of  administering  the  other  non-illusion  involving  items,  it 
is  seen  that  transitivity  of  length  is  not  involved  so 
prominently  as  in  the  illusion  items.  Thus  a  possible 
reason  for  the  difficulty  of  the  Illusion  subtest  lies  in 
the  logic  it  presupposed.  On  the  basis  of  the  above 
explanation,  and  noting  that  50 of  the  children  between 
6-3  and  7-1  gave  conservation  responses  on  criterion  III 
which  involved  illusions,  it  can  be  inferred  that  the 
children  of  the  above  age  group  possessed  transitivity  of 
length,  thus  leading  to  the  next  finding. 

2.  The  data  supported  Braine ' s  (1959)  finding  that 
transitivity  emerges  considerably  before  the  age  of  8 
years . 

3 o  Age  correlated  significantly  with  performance  on 
the  test  but  IQ  did  not. 


One  inference  would  be  that  conservation  is  related 
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more  to  developmental  variables  than  to  IQ  scores,  essen¬ 
tially  in  agreement  with  what  Piaget  indicates.  However, 
Feigenbaum  and  Sulkin  (1964)  found  significant  relations 
between  IQ  and  conservation.  The  present  data  do  not 
support  this  finding.  The  discrepancy  may  be  due  to  the 
differences  between  the  IQ  measures  used  since  Feigenbaum 
used  the  Stanford  Binet  whereas  the  present  study  used  the 
Detroit  Advanced  First  Grade  Intelligence  Test. 

III.  IMPLICATIONS 

1 .  A  major  implication  is  that  non-verbal  techniques 
enable  children  to  express  their  conservation,  or  other 
operational  thought  process,  at  ages  earlier  than  those 
obtained  using  verbal  means  of  conveying  the  response 
criteria . 

2.  If  a  non-verbal  test  of  conservation  of  a  given 
property  is  used  as  a  diagnostic  device  for  determining 
which  children  require  conservation  training  before  formal 
instruction  is  given  using  the  property,  it  might  be  that, 
if  the  formal  instruction  is  highly  verbal,  the  prominence 
of  verbal  vehicles  may  create  an  environment  in  which  a 
conserver  on  a  non-verbal  conservation  test  transforms  into 
a  non-conserver .  The  implication  is  that  if  highly  verbal 
instructional  techniques  are  used  to  teach  linear  measure¬ 
ment,  then  a  verbal  conservation  test  of  length  should  also 
be  used.  If  the  instruction  is  more  concrete,  a  more 
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non-verbal  diagnostic  conservation  test  could  be  used. 

If  linear  measurement  is  to  be  taught  in  grade  one ,  and 
usually  it  is,  then  since  non-verbal  methods  enable  the 
child  to  express  his  conservation  between  five  and  six 
while  verbal  means  place  the  age  between  seven  and  eight, 
the  implication  is  that  a  non-verbal  conservation  test 
should  be  used,  and  that  instruction  should  be  highly 
concrete-operational,  at  least  in  the  beginning.  An 
important  question  arising  at  this  point  would  be  just 
what  kinds  of  concrete  experiences  would  be  appropriate 
for  the  purposes  of  teaching  linear  measurement  to  a  child 
who  is  a  conserver  of  length  on  the  basis  of  a  non-verbal 
conservation  test?  Before  this  question  can  be  given  an 
answer,  it  must  be  determined  what  is  the  crucial  variable 
which  makes  for  the  difference  between  a  verbal  conserva¬ 
tion  test  and  a  non-verbal  conservation  test.  This  study 
would  suggest  that  the  crucial  difference  lies  not  in  the 
fact  that  no  words  are  used  at  all  in  the  testing  proced¬ 
ure,  but  that  the  response  criterion  is  clearly  defined  to 
the  child  in  concrete-operational  terms  such  as  by  the  use 
of  calipers.  The  concrete-operational  definition  of  length 
based  on  the  use  of  calipers  defines  the  response  criteria 
in  terms  of  a  congruence  relation.  Now  the  use  of  a 
congruence  relation  to  define  a  length  is  directly  analogous 
to  the  use  of  one-to-one  correspondence  to  define  a  number; 
both  are  processes  which  are  more  basic  and  inherently 
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more  simple  than  the  entities  they  define.  The  teaching 
of  operations  using  number  have  of  late  proceeded  by  the 
prominent  use  of  one-to-one  correspondence  to  serve  as  the 
criteria  with  which  the  child  could  judge  the  equivalence 
between  two  sets;  for  example,  the  equivalence  between  the 
union  of  a  set  of  4  and  a  set  of  5  with  a  set  of  9»  This 
method  would  have  the  support  of  the  Wallach  and  Sprott 
study  (1964).  Analogously,  the  teaching  of  operations 
using  length,  i.e.  the  teaching  of  linear  measurement, 
could  proceed  by  the  prominent  use  of  the  congruence 
relation,  perhaps  expressed  via  calipers,  to  serve  as  the 
criteria  with  which  the  child  could  judge  the  linear  con¬ 
gruence  of  two  objects;  for  example,  the  linear  congruence 
between  the  "union"  of  8  objects  of  unit  length  and  a 
single  object  8  units  long.  The  basic  implication  of  the 
above  discussion  is  that  the  teaching  of  the  highly  con¬ 
trived  process  of  linear  measurement  should  be  based  on 
the  more  fundamental  process  of  determining  linear  con¬ 
gruence  so  that  the  child  can  verify,  in  a  concrete- 
operational  way,  the  results  of  linear  measurement. 

3.  The  study  indicated  that  the  intercorrelations 
between  the  different  kinds  of  materials  (wood,  plasticene, 
cigarettes)  was  very  low.  The  suggestion  is  that  success 
in  conserving  length  is  specific  to  the  kind  of  material 
exhibiting  length,  which  is  in  agreement  with  what  Uzgiris 
(1964)  found.  Uzgiris  suggested  that  differential  past 
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experiences  with  different  materials  may  have  been  the 
explanation.  Such  an  explanation  would  appear  to  be  a 
determining  factor  if  the  child  were  in  the  process  of 
acquiring  conservation.  This  leads  to  Uzgiris *  expecta¬ 
tion  that  cognitive  structures  would  be  less  operative 
showing  "situational  specificity"  while  developing,  but 
once  they  were  coordinated,  the  "situational  variability" 
would  be  expected  to  subside.  The  implication  is  that 
if  length  conservation  is  to  be  taught  in  school,  it  is 
to  be  expected  that  learning  experiences  with  one  kind 
of  material  will  remain  specific  to  that  material  with 
no  immediate  far  reaching  transfer  effects.  Accordingly, 
a  variety  of  materials  would  be  essential  for  the  teaching 
of  length  conservation.  This  implication  is  in  agreement 
with  the  theory  of  how  to  teach  mathematics  professed  by 
Dienes  (i960,  1963a,  1963b). 

4.  The  study  found  that  the  illusion  items  could  be 
divided  into  two  almost  linearly  independent  groups 
(r  =  -.007).  One  group  required  the  transitive  use  of 
the  "less  than"  or  "more  than"  relation,  while  the  other 
group  required  the  transitive  use  of  the  "equal  to"  rela¬ 
tion.  The  indication  is  that  children  may  reason  with 
different  degrees  of  competence  when  the  transitive 
property  of  length  is  expressed  in  different  relations. 


IV.  SUGGESTIONS  FOR  FURTHER  RESEARCH 


1 .  The  question  of  what  kind  of  transformations  are 
crucial  to  conservation  could  be  more  fully  explored  by 
attacking  the  problem  from  a  different  approach.  Perhaps 
a  predictive  study  involving  the  prediction  of  performance 
on  a  conservation  test  by  ( 1 )  performance  on  a  test  of 
transformations,  (2)  IQ,  (3)  age ,  and  other  important 
variables,  could  be  tried.  In  this  manner  the  problem 

of  determining  statistical  significance  which  hampers 
factor  analysis  could  be  overcome. 

2.  In  order  to  better  ascertain  the  relation  of  IQ 
to  conservation,  a  measure  more  appropriate  to  conserva¬ 
tion  than  the  Detroit  Advanced  should  be  used.  Such  an 
instrument  might  be  Raven's  Matrices  which  is  essentially 
an  intelligence  test  based  on  transformations.  In  fact 
Raven's  Matrices  may  be  a  good  test  of  transformations  to 
use  in  suggestion  ( 1 )  above.  Even  in  the  presence  of 
other  intelligence  measures,  Raven's  Matrices  may  contri¬ 
bute  significantly  to  the  prediction  of  conservation 
scores . 

3.  Studies  have  been  done  to  ascertain  the  relation 
between  conservation  of  a  property  and  success  in  school 
in  learning  situations  requiring  the  use  of  the  property. 
In  general  these  studies  attempt  to  discover  whether 
knowledge  of  a  child's  conservation  status  contributes 
significantly  to  the  prediction  of  achievement  in  some 
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field  over  and  above  that  predictable  on  the  basis  of 
IQ.  Ivimey  (1966)  has  found  that  conservation  status 
does  account  for  a  significant  amount  of  the  variance 
on  achievement  measures.  However,  if  Raven's  Matrices 
is  used  as  the  IQ  measure,  the  contribution  of  conser¬ 
vation  status  may  be  diminished.  This  would  be  another 
way  of  approaching  the  problem  of  ascertaining  the 
importance  of  transformations  to  conservation. 

4.  Most  studies  attempting  to  induce  conservation, 
have  met  with  very  little  success.  Most  of  these  studies 
have  measured  the  efficacy  of  the  instructional  methods  by 
using  the  amount  of  transfer  as  the  criterion.  If,  as 
this  study  and  the  study  of  Uzgiris  (1964)  suggest,  the 
acquisition  of  conservation  is  in  the  beginning  specific 
to  the  material  exhibiting  the  attribute,  then  a  suggestion 
would  be  that  future  attempts  to  induce  conservation  might 
explore  the  efficacy  of  using  a  variety  of  materials.  The 
success  of  Churchill's  (1958,  cited  in  Lunzer,  i960) 
instructional  program  in  inducing  number  conservation  may 
have  depended  in  part  on  the  multitude  of  materials  she 
used . 


V.  CLOSING  STATEMENT 

This  study  found  no  compelling  evidence  for  deciding 
whether  states  or  transformations  are  more  relevant  to 
conservation.  Dismissing  the  probable  alternative  that 
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the  test  instruments  and  analysis  used  in  the  present 
study  were  neither  sufficiently  precise  nor  sufficiently 
powerful  to  detect  the  differences,  a  probable  conjecture 
would  be  that  transformations  and  states  are  equally 
important  to  conservation.  Moreover,  this  conjecture 
appears  quite  likely  from  a  theoretical  point  of  view. 

Just  as  transformations  give  meaning  to  the  states  trans¬ 
formed,  states  likewise  give  meaning  to  the  transformation 
applied.  Without  direct  sensuous  knowledge  of  the  states, 
the  effect  of  the  transformation  on  the  states  becomes 
indeterminant.  With  meaningless  states  there  can  only  be 
meaningless  transformations.  With  meaningless  transfor¬ 
mations  there  can  only  be  rote  knowledge  of  states.  As 
Piaget  might  say,  first  the  child  must  differentiate 
reality  into  states,  and  transformations  linking  one  state 
to  another,  then  coordinate  these  together  into  a  rever¬ 
sible  system  of  states  and  transformations. 
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Note:  For  details  on  how  the  items  were  administered,  see  Chapter  III. 
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APPENDIX  B 

RATIONALE  FOR  THE  CLASSIFICATION  OF  TRANSFORMATIONS 

This  appendix  gives  a  rationale  Tor  the  classifi¬ 
cation  oT  transformations  which  conserve  length.  Since 
euclidean  transformations  form  a  set  of  transformations 
which  preserve  length,  a  very  simple  rationale  will  be 
given  of  euclidean  transformations  or  'rigid  motions'  as 
they  are  commonly  called. 

Euclidean  transformations  can  be  conceived  of  in 
terms  of  orthogonal  line  reflections.  The  reflections 
are  called  line  reflections  because  a  line  serves  as 
the  axis  of  the  reflection.  The  line  reflections  are 
called  orthogonal  because  the  reflections  must  be  done 
perpendicular  to  the  axis  of  reflection.  Figure  8  gives 
a  schematic  representation  of  a  line  reflection  which 
is  not  orthogonal.  Figure  9  gives  a  representation  of 
an  orthogonal  line  reflection. 


CL 


Figure  8.  A  line  reflection  which  is  not  orthogonal 
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Figure  9  ■>  An  orthogonal  line  reflection 

It  should  he  noted  that  neither  shape  nor  distance  is 
invariant  (conserved)  under  line  reflections  which  are 
not  orthogonal,  hut  that  both  shape  and  distance  are 
invariant  under  orthogonal  line  reflections. 

Orthogonal  line  reflections  can  he  further  clas¬ 
sified  according  to: 

1 .  The  number  of  reflections  (i.e.  the  number  of 
axes ) . 

2.  Whether  the  axes  are  parallel  or  not. 

If  the  number  of  reflections  is  even,  it  is  called  an 
even  euclidean  transformation  and  gives  rise  to  in-plane 
transformations.  If  the  number  of  reflections  is  odd, 
it  is  called  an  odd  euclidean  transformation  and  gives 
rise  to  out-plane  transformations.  A  close  examination 
of  figures  9  and  10  shows  that  in  figure  10,  X  does  not 
need  to  be  taken  out  of  the  plane  in  order  to  be  placed 
in  position  Y.  However,  for  figure  9  it  is  clear  that  X 
must  be  taken  out  of  the  plane  if  it  is  to  be  transformed 
into  Y.  Consequently  an  odd  euclidean  transformation 
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can  be  considered  a  rigid  motion  if  and  only  if  the  plane 
is  considered  as  immersed  in  a  three-space.  An  even 
euclidean  transformation  can  be  considered  a  rigid  motion 
regardless  of  whether  the  plane  is  conceived  of  as  immersed 
in  a  three-space. 

If  the  axes  are  parallel,  then  the  orthogonal  line 
reflection  gives  rise  to  a  translation.  If  the  axes  are 
not  parallel,  then  the  orthogonal  line  reflection  gives 
rise  to  a  rotation  about  the  point  of  intersection. 

Figures  11  and  12  illustrate  a  translation  and  a  rotation. 


Figure  10.  An  even  euclidean  transformation  (in-plane) 


In  summary,  orthogonal  line  reflections  give  a 
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rationale  for  the  classification  of  transformations  into: 

(l)  translations,  (2)  rotations,  (3)  in-plane  transfor¬ 
mations,  and  (4)  out-plane  transformations.  Furthermore, 
euclidean  geometry  may  be  considered  as  the  study  of  the 
properties  remaining  invariant  under  the  group  of  rigid 
motions.  Any  two  figures  which  correspond  under  a  rigid 
motion  are  said  to  be  congruent.  Hence  euclidean  geometry 
is  the  study  of  the  properties  of  congruent  figures.  One 
of  these  invariant  properties  is  length  (or  distance). 

This  study  studies  the  conservation  of  this  property. 

In  addition  to  transformations  which  leave  length 
invariant,  this  study  also  includes  transformations  which 
change  length.  The  rationale  here  was  that  transformations 
which  are  not  euclidean  may  require  different  thought 
patterns  than  euclidean  transformations.  If  both  kinds 
of  transformations  are  included,  then  a  conserver  can  be 
determined  according  to  his  ability  to  classify  the  trans¬ 
formations  into  two  classes:  (l)  those  which  change  length, 

and  (2)  those  which  leave  length  unchanged.  For  the  pur¬ 
pose  of  this  study,  this  classification  was  refined  into 
three  classes  of  transformations:  (l)  those  which  decrease 

length,  (2)  those  which  increase  length,  and  (3)  those 
which  leave  length  unchanged.  A  conserver  can  be  looked 
upon  as  being  a  person  who  is  able  to  classify  transfor¬ 
mations  into  these  three  categories. 
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WHY  USE  CALIPERS? 

The  use  of  calipers  in  this  study  has  one  and 
only  one  purpose:  to  communicate  to  the  child  a  precise 
and  unambiguous  definition  of  the  response  criteria. 

There  has  been  considerable  criticism  of  Piaget's 
verbal  methods  of  communicating  to  the  child  the  criteria 
E  wishes  him  to  respond  to  (the  response  criteria)  (Braine, 
1959)  ,  and  the  imprecision  of  verbal  descriptions  is  far 
from  desirable. 

As  concerns  length,  the  major  criticism  of  Piaget's 
technique  is  that  the  child  may  construe  Piaget's  verbal 
references  to  length  to  mean  the  location  of  the  endpoints 
of  the  rod  and  if  he  does  then  he  will  think  that  "length" 
has  changed  when  Piaget  moves  one  rod  ahead  of  another. 

However,  in  communicating  to  the  child  a  precise 
and  unambiguous  definition  of  the  response  criteria,  we 
must  be  sure  that  we  are  not  also  giving  a  definition 
(or  a  partial  definition)  of  the  conservation  of  length. 

The  concept  of  length  (as  with  any  concept)  has 
various  degrees  of  sophistication.  Each  degree  of  sophis¬ 
tication  involves  a  refinement  in  the  concept.  At  the 
lowest  level  of  sophistication,  an  intuitive  or  construc¬ 
tive  grasp  of  the  concept  of  length  would  merely  involve 
a  rather  fuzzy  notion  of  the  expanse  between  two  points. 
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A  more  sophisticated  conception  would  involve  the  recog¬ 
nition  of  further  properties  of  length.  One  such  property 
would  be  the  conservation  of  length.  Hence,  to  know  when 
length  is  or  is  not  conserved  is  a  refinement  in  the  con¬ 
ception  of  length.  In  order  to  test  whether  a  young  child 
has  acquired  this  refinement,  we  must  first  communicate  to 
the  child  the  concept  the  refinement  of  which  we  wish  to 
test  for.  That  is,  we  must  unambiguously  communicate  to 
the  child  a  precise  definition  of  length,  and  then  test  to 
see  whether  he  can  conserve  this  property  or  not.  The 
crucial  thing  is  that  we  must  define  the  property  precisely 
enough  to  prevent  misconception,  but  we  must  guard  against 
defining  it  so  extensively  that  we  include  in  our  defini¬ 
tion  refinements,  which  if  comprehended,  will  tend  to 
induce  conservation.  Does  the  fact  that  calipers  are  used 
to  communicate  the  response  criteria  mean  that  criteria 
have  also  been  communicated  as  concerns  conservation?  The 
answer  is  no  for  the  following  reasons: 

1 .  The  act  of  measurement  merely  ascertains  the 
amount  or  quantity  of  the  attribute  being  measured.  The 
act  of  measurement  does  not  specify  the  conditions  under 
which  a  re-measurement  will  give  the  same  value. 

2.  Knowledge  about  the  conditions  under  which  a 
re-measurement  will  give  the  same  value  can  be  acquired 
if  the  child  is  allowed  to  measure  the  same  object  under 
differing  conditions  and  hence  obtain  feedback  from  his 


' 
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actions . 
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However,  if  the  child  is  never  given  the  oppor¬ 
tunity  to  measure  the  same  object  twice,  then  the  feedback 
condition  can  be  easily  controlled. 

3.  However,  if  correct  predictions  of  whether  a 
second  measurement  will  agree  with  the  first  measurement 
are  reinforced  by  candy  rewards,  then  will  not  a  slight 
induction  of  conservation  be  possible?  The  answer  here 
is  yes  but  the  affirmative  answer  has  nothing  to  do  with 
the  fact  that  calipers  were  used  to  define  the  response 
criteria.  Any  learning  would  be  the  result  of  reinforce¬ 
ment,  not  because  of  the  use  of  calipers. 

It  might  be  further  contested  that  the  sheer  fact 
of  the  use  of  calipers  necessarily  teaches  the  child  that 
the  criterion  E  wishes  him  to  respond  to  is  straight-line- 
length  and  nothing  else.  Is  not  more  than  a  minimum 
criterion  being  communicated  to  the  child?  The  answer  is 
yes  but  it  still  has  no  bearing  on  conservation  of  the 
property  satisfying  the  criterion.  It  may  be  true  that 
the  calipers  give  the  child  a  more  sophisticated  definition 
of  length  than  the  child  himself  is  capable  of,  but  if  the 
child  can  comprehend  the  definition  and  further  show  that 
he  knows  the  conditions  under  which  it  is  satisfied  (i.e. 
he  conserves  length) ,  then  the  use  of  the  calipers  helped 
him,  not  in  unders tanding  or  acquiring  conservation,  but 
helped  him  in  communicating  to  E  that  which  he  had  already 
acquired . 
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The  second  important  question  is  this:  do  the 
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calipers  give  an  unambiguous  definition  of  the  response 
criteria?  Providing  the  child  can  be  trained  to  use  the 
calipers,  the  answer  is  yes.  Calipers  provide  an  opera¬ 
tional  definition  of  the  magnitudes  of  length  exhibited 
by  the  objects  used  in  the  study.  Whether  the  magnitude 
of  the  object  is  less  than,  equal  to,  or  greater  than  the 
magnitude  defined  by  the  calipers  was  easy  for  all  but  one 
child  to  distinguish.  Once  these  distinctions  are  made  by 
the  child,  the  criteria  he  is  responding  to  are  clear  to 
him.  Whether  or  not  he  can  make  these  distinctions  is 
easily  answered  by  seeing  if  he  can  make  a  consecutive 
number  of  correct  distinctions.  All  but  one  exceptional 
child  could  do  so. 

Once  the  child  has  become  operational  with  the 
calipers,  and  operational  in  his  ability  to  make  the 
distinction  between  'fits’,  then  the  child  satisfies  the 
premises  for  a  test  of  conservation  of  length. 
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01  100 

00100 

00 

5-10 

10 

11111 

11111 

11111 

1  1  000 

10110 

01111 

00 

6-4 

1  1 

11101 

11011 

11111 

10000 

01001 

01101 

00 

5-5 

1  2 

1  1  001 

10010 

00000 

01110 

11100 

00000 

1 1 

6-2 

13 

11111 

11111 

11111 

11111 

11110 

00001 

01 

6-4 

1  4 

11011 

11111 

11111 

1  1  000 

11100 

1  0001 

1 1 

5-9 

15 

01111 

11111 

11111 

11101 

11110 

11101 

1 1 

6-3 

16 

10000 

10000 

00010 

11011 

11111 

1  1  000 

01 

5-9 

17 

00000 

01111 

1  1  000 

1  1000 

11110 

10000 

1 1 

5-11 

18 

11111 

10111 

11111 

11010 

11110 

01001 

10 

5-7 

19 

11111 

11111 

11111 

11111 

11111 

11111 

1 1 

6-0 

20 

01000 

11111 

11011 

11110 

01  100 

0001  1 

1 1 

5-10 

21 

11111 

11111 

11010 

11101 

11010 

00001 

00 

5-8 

22 

11111 

11111 

1001  1 

11111 

10110 

10111 

00 

5-5 

23 

11110 

0001  1 

01111 

11100 

10110 

11111 

00 

5-6 

24 

01001 

10011 

10010 

01111 

11110 

01001 

00 

5-9 

25 

1111 1 

11111 

11111 

11111 

11110 

1  0001 

10 

6-5 

26 

11111 

10111 

11111 

10111 

11110 

00001 

01 

6-3 

27 

11111 

11111 

01011 

1  001  1 

11110 

001  1  1 

1 1 

5-7 

28 

11111 

11111 

11111 

11111 

11111 

10001 

1 1 

6-3 

29 

11111 

11111 

11111 

11111 

10111 

11111 

1 1 

5-9 

30 

11111 

11011 

0101  1 

11111 

11100 

0001  1 

1 1 

5-9 
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APPENDIX  D  (continued) 


Subject  No. 


Scores  on  Each  Item 


Age 


31 

11111 

11111 

11111 

11011 

11111 

11101 

1 1 

7-2 

32 

1 1 1 1 1 

11111 

11111 

11111 

11111 

11111 

1 1 

7-2 

33 

1 1 1 1 1 

11111 

11111 

01010 

10110 

11100 

00 

7-0 

34 

1 0001 

01000 

00100 

01110 

11111 

11111 

00 

7-1 

35 

10111 

11111 

11111 

11111 

11111 

11111 

1 1 

7-5 

36 

11111 

11111 

11111 

11100 

01111 

11100 

00 

7-0 

37 

11111 

11111 

11111 

11111 

11111 

11111 

1 1 

7-4 

38 

1  1001 

10011 

11110 

01  101 

11111 

11111 

1 1 

6-9 

39 

11111 

11111 

11111 

11111 

11110 

11101 

1 1 

6-1 1 

4q 

11111 

11111 

11111 

11111 

00111 

11100 

00 

7-4 

4.1 

11111 

11111 

11111 

10101 

11100 

10101 

00 

6-9 

42 

11111 

11111 

11111 

11100 

11110 

00101 

10 

6-7 

43 

11111 

11111 

11111 

01111 

11111 

11100 

00 

7-6 

44 

11111 

11111 

11111 

11110 

11110 

11011 

1  0 

7-2 

45 

11111 

11111 

11111 

11111 

11111 

11111 

1 1 

7-2 

46 

11111 

11111 

11111 

11111 

11110 

11111 

1 1 

7-2 

47 

1  1000 

1  0010 

11011 

11101 

11110 

00001 

01 

6-7 

48 

11111 

11011 

11111 

11111 

11111 

11111 

1 1 

7-3 

49 

11011 

10101 

11100 

01111 

11100 

01101 

1 1 

7-5 

50 

11111 

11111 

11011 

11110 

11110 

10110 

1 1 

7-0 

51 

11111 

11111 

11111 

11111 

11110 

11100 

00 

7-1  1 

52 

11111 

11111 

11111 

11111 

11110 

01001 

1 1 

6-1  1 

53 

11111 

11111 

11111 

11111 

11110 

10011 

1 1 

6-10 

54 

11111 

11111 

11111 

11111 

11110 

01111 

01 

6-6 

55 

00001 

1  0000 

01100 

11110 

11110 

11011 

1 1 

6-10 

56 

00001 

11100 

00010 

01110 

11111 

01110 

1 1 

6-9 

57 

1  1  000 

10101 

10110 

11100 

11110 

11100 

00 

6-10 

58 

00001 

10100 

11011 

01111 

11110 

00101 

1  0 

7-5 

59 

11111 

11111 

11111 

11110 

10111 

11101 

1 1 

7-5 

60 

11111 

11111 

11111 

10111 

11110 

10000 

00 

7-1 

6.1 

00001 

1  0001 

00010 

01  1  00 

10110 

1  0000 

01 

7-1 

62 

11111 

11111 

11111 

11110 

11111 

11111 

01 

7-5 

